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CHAPTER I: INTRODUCTION 
Soil erosion by water has been recognized as a problem of national 
concern since the 1930's. Vanishing Lands, A World Survey of Soil 
Erosion; published in 1939, warned that " below the thin layer comprising 
the delicate organism known as the soil is a planet as lifeless as 
the moon" (as cited in Hanson (15)) . 
Soil erosion affects the soil in both the short and long term. A 
short term effect of soil erosion is the reduced soil fertility due to 
loss of nutrients. The reduced fertility level of the soil has no t 
been observed mainly due to the use of relatively inexpensive com-
mercial fertilizer. For example, nitrogen use has increased 700 percent 
since 1960 (30). A permanent effect of soil erosion is the depletion 
of the topsoil to a point where row cropscan or should not be grown. 
Other permanent affects of soil erosion includes physical disturbance 
of the landscape. Long term erosion causes gullies and wash-outs 
which may coo:monly become uncrossable by farm machinery. Sediment 
from soil erosion is causing problems in streams, rivers, ponds, and 
lakes (4). 
The thin layer of topsoil covering Iowa was generally no deeper 
than 12-16 inches before soils were first plowed and farmed . In the 
100 years since the ground was first broken, nearly half of the topsoil 
has been eroded away from Iowa's unprotected sloping soils . Erosion 
losses have been estimated at 9-13 tons per acre per year or the 
equivalent of one-twelfth of an inch per year. At that rate the 
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remaining topsoil could be gone in 100 years. It takes nature 250 to 
1000 years to build an inch of topsoil. To illustrate, a 13 ton soil 
loss is equivalent to 230 bushels of soil lost per acre . With an 
average yield of 115 bushels of corn, two bushels of soil are lost for 
every bushel of corn produced. Despite the massive losses from soil 
erosion only 40 percent of the land in Iowa is protected by some form 
of conservation practice (30). 
The problem of soil erosion may become worse. Agriculture is a 
dynamic industry and farmland use is rapidly changing. Recent reduction 
in livestock production and emphasis on more row crop intensive rotations, 
especially greater soybean production, has made the issue of soil con-
servation more critical (4). Row crop acres have nearly doubled in the 
past 30 years and small grains, hay, and pasture acres have decreased 
(2). The Soil Conservation Service estimated in 1975 that 4 million 
acres of the 9.5 million acres converted to cropland in the spring of 
1974 was subject to erosion losses of more than 4 tons per acre (11). 
Professor John Timmons , economist at Iowa State University, reported 
an increase in soil erosion of 22 percent in western Iowa, primarily 
due to breaking up pasture for expansion of corn and soybean production 
(33). Soil losses as high as 60 tons per acre per year were reported 
in Timmon's study. Row crop expansion in Iowa occurs on the more 
steeply sloped land. 
The erosion hazard increases as land unsuited for continuous row 
crop is put into production. For example, a c~rn-corn-soybean (CCB) 
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rotation without erosion control can erode at a rate up to 42 tons 
per acre per year on a 9 percent slope, 300 f eet long. The same soil 
with a meadow rotation could be expected to erode at an acceptable 
level of 3-5 tons of soil loss per acre per year (4). Much of the 
land formerly in rotation meadow is now in a corn-soybeans rotation. 
As farms increase in size, farmers are reluctant to utilize conserva-
tion practices which may slow down seedbed preparation and planting 
causing a decrease in use of contouring, old-style terracing, and 
waterways (4). 
Most soil loss is unnecessary . Technology is available to reduce 
most soil erosion to an acceptable level. The cropland base still has 
a potential for expansion without excessive soil loss if adequate 
soil management systems are installed (11). A principal objective of 
soil conservation is management of the soil to reduce unnecessary 
erosion. Farmers have several options currently available to reduce 
soil loss. Theae options can be divided into three ma jor groups: 
crop sequences, cultural practices, and supportive soil management 
practices . Options in the crop sequence category include any rotation 
which reduces row crop intensity. Cultural practices include utiliza-
tion of residue tillage systems and timing of field operations. Sup-
porting practices include terracing and contouring . Which of the above 
options are used depends on the severity of the er osion hazard. In 
cases where soil erosion is a minimal hazard a single practice may 
provide adequate control. In more extreme situations, practices may 
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need to be used in combination to obtain adequate soil erosion 
control. 
Farmers may not adopt soil erosion control measures without fi-
nancial assistance. It is difficult for farmers to justify the appli-
cation of the recommended conservation practices if income will be 
reduced or large capital investments are required. Normally, benefits 
from soil conservation occur in terms of long term productivity main-
tenance and corresponding increased future returns. The increased 
future returns may be difficult to visualize in view of the current 
implementation costs. A story in the Des Moines Register described a 
farmer whose 320 acre grain and livestock farm required conservation 
measures which would cost $50,000 to $55,000 to implement. The farmer 
agreed the measures would improve his farm's productivity but was unable 
to justify the expense. The farmer felt that a loan, amortized over 
ten years, could be repayed based on increased productivity (24). 
Financing for implementation of several soil conservation measures 
is available at the federal, state, and coo:nnercial level. Federal 
assistance includes funding through the Farmers Home Administration 
and cost-sharing programs with the Soil Conservation Service, with a 
share of the cost paid by the government ranging from 50-80 percent 
(15). Iowa, Minnesota, Nebraska, and Wisconsin have developed cost-
share programs through state conservation commissions. Iowa provides 
state funds to share the cost of conservation practices installed by 
landowners. The Iowa Conservancy Act combines cost-sharing with 
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conservation district enforcement powers to maintain cropland produc~ 
ti.vity and meet environmental quality standards (10). Some states offer 
cash incentives for first use of conservation tillage. Payments range 
from $10 per acre for no-till to $7 . 50 per acre for approved residue 
tillage practices (15). 
Public awareness of the problem of soil erosion has caused additional 
pressures for applying soil conservation measures . Concern over con-
tamination of recreation and drinking water has led to Section 208 of 
the Federal Water Pollution Control Act Amendments of 1972. Section 208 
requires every state to control water pollution from sources such as 
farmland and recognizes soil as the major water pollutant. 
The economic impact of conservation practices becomes increasingly 
important as farmers are forced to comply with laws and regulations 
controlling soil loss. The effect on net farm i ncome of reducing soil 
loss will be a major factor in determining farmer cooperation in apply-
ing various conservation measures. Farmers faced with the necessity to 
comply with both federal and state laws aimed at reducing soil loss 
will need increased information on the various conservation alterna-
tives which comply with federal laws as wel l as to make a positive 
contribution in setting standards at the local levels (21). 
Many economic studies primarily have centered on the macro effects 
of controlling and reducing soil erosion. Nagadevara, Heady and Nicol 
studied the implications of applying Iowa's soil conserving regulations 
on a national basis (25). Taylor and Frohberg studied the effects of 
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erosion controls banning pesticides and limiting fertilizer in the 
corn belt (32). The impact of erosion restraints in the Iowa river 
basin was viewed by Alt and Heady (1) . Harmon, Knutson and Rosenberry 
developed a river basin study in the Southern Iowa Conservancy District 
(16) . A study analyzing the farm level impact on three major soil 
associations in Iowa was conducted by McGrann (21). A similar study was 
done by Boehlje , Boggess, Heady and McGrann (8). A majority of the studies 
did not view the relationships between cropping and livestock systems 
in their evaluation of the impact of conservation practices on reducing 
soil loss. The interaction of row-crop and forage production is 
another area yet to be studied. The potential for competition between 
row-crop production and forage production was illustrated by Dr. Walt 
Wedin when he estimated forage land efficiency could be increased as 
much as 500 percent with improved forage production and utilization 
techniques (39). 
This study concentrates on the farm level impact of reducing soil 
loss on a typical farm model in a major soil association in southern 
Iowa. The study investigates the economic impact of erosion control 
as well as the affect on the crop and livestock enterprises. The 
specific objectives are: 
1. Study the impact of reducing soil loss on cropping practices . 
2. Evaluate the relative benefits of alternative systems of tillage 
operations with respect to soil conservation. 
3. Study the impact of soil conserving practices upon livestock 
programs. 
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4. Assess the affect of relative livestock prices upon soil 
conservation and forage production. 
5. Determine if improved forage production practices contribute 
to soil conservation and income. 
8 
CHAPTER II: STUDY PROCEDURE 
General Study Procedure 
A typical or representative farm was selected in the Adair-Grundy-
Haig soil association in southern Iowa·. The farm was identified by 
size in acres and soil type. 
Alternative tillage and soil management systems were identified 
and selected for use in reducing soil loss. Alternative pasture forage 
pr oduction and utilization systems were also identified and selected. 
The universal soil loss equation was used to define rotations and 
management practices for the alternative tillage operations within 
selected soil loss limits. Production inputs such as herbicides, 
insecticides, fertilizers, and seed with corresponding yields were defined 
by crop sequence and tillage system. Monthly production distribution was 
defined for the pasture forage alternatives on an available total 
digestible nutrient (TDN) basis. Machinery investment and ownership 
costs were established for alternative tillage and forage systems. A 
computerized budget generator was used to establish enterprise budgets 
for the alternative tillage operations and forage systems. 
Production standards and assumptions were defined for beef and 
swine production. Alternative winter rations were established for the 
beef cow enterprise. Alternative rations were also established for 
beef heifer and steer finishing activities. Enterprise budgets were 
developed for the a lternative beef ration activities and a swine 
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enterprise. Fixed costs and capital requirements were defined for the 
livestock enterpri ses. 
Relative prices for farm products were established based on an 
average corn price of $2.30. A range of beef prices was established 
which correspond to the most recent beef price cycle . 
A linear programming model was developed to combine the various 
alternatives which were defined. The model incorporated row crop , 
forage and livestock enterprises. It was used to analyze the impact of 
reducing soil loss. 
Detailed Procedure 
Study area 
The Adair-Grundy-Haig soil association was selected for use in 
this study. The Adair-Grundy-Haig association occurs in south central 
Iowa and occupies 2400 square miles, primarily in Ringgold, Clarke and 
Lucas counties. Approximately half of this soil association is culti-
vated with the remainder primarily in pasture and saall areas of timber. 
Row-crops occupy the upland flats , gentle slopes and stream bottom 
flood plains, with pasture genera lly occupying the steeper areas (26). 
The farms in this area are typically diversified grain and livestock 
operations and rely on operator-family labor. 
Representative farm selection 
A representative farm of 360 acres was developed in the Adair-
Grundy-Haig soil association. Soils were grouped into classes by 
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percent slope. Six soil classes were developed for the farm. Major 
soils were designated for each soil class . The soil classes were 
presented by soil description, percent slope and percent of total farm. 
The land classification and soil type assumptions are in Table 1 . The 
spectrum of soils in this association ~as a slope range from level repre-
sented by the Haig soil to over 30 percent with the Gara and L!ndley soils. 
8 Table 1 . Land classification and soil type assumption · 
Soil Class Soil description Percent slope 
I 
II 
III 
IV 
v 
VI 
Haig Silt Loam, 362 
Grundy Silty Clay Loam, 
364B 
Grundy Silty Clay Loam, 
364C2 , also includes 
areas of Arispe Silty 
Clay Loam, 23C2, moder-
ately eroded 
Adair Clay Loam, 192D, 
Shelby Loam, 24D, also 
includes acres of 
Lamoni Silty Clay Loam, 
moderately eroded 
Shelby Loam, 24E, 
includes areas of Bauer 
Silt Loam, 184E2, 
Olimity-Vesser soils, 
13, Colo Silty Clay Loam, 
133, moderately eroded 
Gara Loam, 179E2, 
includes areas of 
Lindley Loam, 65E2, 
moderately eroded 
0-2 
2-5 
5-9 
9-14 
14-18 
14-25 
Percent of farm 
10 
15 
25 
15 
25 
10 
a 
Source: Oschwald et al. (26) and . interviews with members of the 
Iowa State University Department of Agronomy and Soil Conservation 
Service . 
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Tillage and soil management alternatives 
Alternative tillage and soil management systems were defined for 
two of the major categories of conservation options--cultural practices 
and supporting soil management practices. Cultural practices include the 
utilization of higher residue tillage systems and timing of field 
operations. High residue tillage systems are broken down into two main 
groups; conservation tillage and slot plant. Timing of field operations 
refer to delaying tillage operations from fall until spring. Suppor t-
ing soil management practices can be broken down into two main types- -
contouring and terracing. A third major soil conservation category, 
cropping sequence, will be discussed later. 
The representative farm was assumed to use a conventional non-
residue t illage system. The conventional non-residue tillage system 
incorporates the use of a moldboard plow. The ground is plowed 6-10 
inches deep in either the fall or spring. Shredding , chopping, or 
disking of the crop residue usually precedes plowing. The plow is 
fo l lowed by a shallow leveling operation with a disc, harrow or field 
cultivator to prepare the seedbed for planting. There is generally 
little, if any, crop residue remaining on the surface. The crops are 
normally cultivated once or twice du r ing the season with sweep cultiva-
tors. The conventional tillage system is the dominant tillage system 
on Iowa f arms despite its high time, fuel and labor requirements. The 
conventional system provides flexibility and is the system with which farm-
ers are the most comfortable (2) . Hence, this conventional, non-residue 
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system of farming was used as a basis of comparison with soil con-
serving systems. The basis for estimating soil loss on the represent-
ative farm model without a soil loss restriction was a conventional 
non-residue tillage system with straight-row farming and no terraces . 
Conservation tillage is "any tillage system that reduces loss of 
soil or water compared to unridged or clean tillage" (2). Conservation 
tillage incorporates the use of a chisel plow, disk or field cultivator 
for primary tillage purposes rather than the moldboard plow. The primary 
tillage implements work the soil from 4 to 16 inches deep and are 
followed by shallow leveling operations before planting. Conservation 
tillage inhibits soil loss due to increased soil roughness and plant 
residue left on the surface (4). Table 2 shows the percent of residue 
covered after one pass for some major tillage implements. 
Table 2. Guides for estimating crop residue left on soil surface (29) 
Residue coverage 
per pass 
Moldboard plow up to 100% 
Offset disk (24 inch blades, 6-7 inches deep) up to 75% 
Chisel plow-- twisted shanks up to 75% 
Rotary tillage--6 inches deep up to 75% 
Rotary tillage--3 inches deep up to 50% 
Tandem disk up to 50% 
Field cultivator--with sweeps up to 30% 
Chisel plow--points up to 20% 
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Conservation tillage r equires less time and fuel than conventional 
tillage due to fewer trips across the field. But, conservation tillage 
requires better management for insect and weed control because of 
increased surfac e residue (28). Weed control is also mor e dependent 
on herbicides. 
Conservation tillage effectively controls erosion on level to 
gently sloping land. On steeper land, conservation tillage can e nhance 
the effectiveness of o ther conservation practices that are necessary 
to contr ol erosi on under intensive row cropping (2) . 
Conservation tillage is increasing in use. In Iowa the Soil 
Conservation Service estimated that conservation tillage was used on less 
than one-half million acres in 1968 (30). In 1976 over 7 .2 million 
acres--one-third of the statis row-crop acreage--was tilled with 
implements other than a moldboard plow (2) . 
Conservation tillage was utilized in this study as a soil conserv-
ing cultural alternative to conventional non-residue tillage . A 
conservation tillage system was defined and referred to as residue 
tillage . The residue tillage system incorporated the chisel plow and 
disk as primary tillage on corn stalk ground and only the chisel on 
bean stubble. A disk and field cultivator were used in the spring for 
seedbed preparati on and planting was accomplished using a conventional 
model . 
Slot planting is a once-over-the-field operation where the seed 
is planted in a slot created by a coulter . The ground is otherwise 
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undisturbed and most of the previous crop residue remains on the soil 
surface . The width of the slot will vary depending on the type of 
coulter used. A fluted coulter will make a slot three inches wide as 
compared to a smooth coulter which will make a slot of less than one 
inch. Sufficient weight CllJSt be placed on the coulter for it to 
penetrate plant residue and undisturbed soil to an appropriate depth 
to allow proper seed cover. Excessive coulter penetration will place 
the seed too deep causing poor germination. Disk openers and packer 
wheels are used to improve seed placement. Slot planting can also be 
used to plant row-crops in sod without plowing. The sod serves as an 
erosion control function and allows row-cropping on slopes too steep 
for clean tillage (2). 
The slot planting system fully utilizes available plant residue 
and is the most effective ti llage system in controlling soil loss (6) . 
In a study by Siemens, the slot plant system had an average of 80 
percent less soil loss than a conventional tillage system and an average 
of 40 percent less soil loss than other conservation tillage systems 
(28). The results are listed in Table 3. 
Table 3. Soil loss caused by water runoff following corn and after 
planting; soil loss in pounds per acre (28) 
Water applied (inches) Conventional Conservation Slot plant 
2.5 
5 . 0 
7.5 
10.0 
470 
3720 
9700 
16500 
260 
1170 
2410 
3870 
134 
928 
1930 
2800 
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Slot plant, because it is a once-over-the-field system, reduces 
labor, fuel requirements and soil compaction . However, slot plant is 
almost totally dependent on herbicide for weed control and since fewer 
herbicides are available for slot plant it is more difficult to attack 
the problem weeds and still maintain control of others. Recommended 
levels of herbicide and insecticide tend to be higher with a slot plant 
system (12, 18) . Iowa State University economists concluded that the 
total production costs of various conservation tillage systems was not 
significantly different as shown in Table 4 (8). Till plant is similar 
to slot plant in that they are both one-pass tillage and planting systems . 
Table 4. Estimated non-land production costsa for corn and soybeans 
with alternative tillage practices, 1978 (8) 
Tillage practice 
Conventional 
Chisel plow 
Disk 
Till plant 
b Corn 
Cost/bu. 
$1.37 
1.32 
1.30 
1.33 
a Costs shown do not include a farm overhead cost or a 
return to management or profit . 
c Soybeans 
Cost/bu. 
$1.88 
1.84 
1.73 
1.66 
bCorn production in the Galva-Primghar-Sac Association (Loess 
soils) with an average yield of 90 bu./A. for corn following corn. 
c 
Soybean production in the Cl arion-Nicollet-Webster Association 
with an average yield of 40 bu./A. for soybeans following corn. 
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Althou~hthe slot plant system greatly reduces soil loss potential, 
there are some disadvantages to the system. Elimination of tillage 
reduces the options available for fertilizer placement. Also, high 
levels of surface IIl.llch retard soil warming and drying in the spring, 
especially on fine textured poorly drained soils (9). Despite the dis-
advantages of the slot plant system, the use of slot plant is increasing 
annually at a rate of approximately one-half million acres. Nearly 
eight million total acres will be planted with a slot plant type system 
in 1979 (15). 
A slot plant system was utilized in this study as a soil conserving 
cultural alternative to conventional non-residue tillage. The slot plant 
system is defined and referred to as no-till in this study. The no-till 
system used a no-till planter and a row-crop cultivator was not used in 
this system. 
Timing of field operations is the last soil conserving cultural 
alternative. Timing of field operations refers to delaying tillage 
operations from fall until spring. Delaying of tillage operations can 
significantly reduce soil loss. The reduction is estimated to be approx-
imately 15 percent (6). With fall tillage the soil is exposed to the 
erosive forces of runoff from thaw and early spring rains and the soil has 
less soil porosity at planting (3) . However, fall tillage alleviates some 
of the timeliness problems associated with wetness in early spring. 
In this study, timing of field operations as a tillage alternative 
was decided through use of the universal soil loss equation, which will 
be discussed later. 
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Supporting soil management practice s are conservation measures 
which are used to complement cultural practices to control soil loss. 
In addition to the aforementioned cultural practice for controlling or 
reducing soil loss are contouring and terracing. 
Contouring as a conservation technique is probably the easiest 
conservation measure to apply . Under a contour system, field opera-
tions simply follow the contour of the landscape. Contouring reduces 
the velocity of water by channeling it along rather than down a slope. 
The effectiveness of contouring decreases as slope increases as shown 
in Table S (6). The table shows the effectiveness of contouring falling 
from about SO percent on gentle slopes to 10 percent on steep slopes. 
Approximate slope length limits for contouring with conventional tillage 
are: 400 foot for 2 percent slope, 300 foot for S percent slope, 200 
foot for 8 percent slope, 100 foot for 8 percent slope, and 80 foot for 
12 percent slope. The slope length limits could increase 20 percent if 
conserva tion tillage was practiced (6). 
Table S. Conservation factors for contouring 
Percent slope Percent soil loss reduction (6) 
1.1- 2.0 . 60 
2.1- 7.0 .so 
7.1-12.0 .60 
12.1-18.0 .80 
18.1-24 . 0 .90 
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A disadvantage of contouring which may inhibit farmer use is that 
following the contour with large equipment is difficult and point rows 
are often involved. Correction areas, maintained in sod , may help 
alleviate some of the difficulties. 
Terracing is an effective soil conservation measure because it 
shortens the slope length, greatly reducing water velocity and its 
corresponding soil moving action. Excess water is allowed to slowly 
leave fields by means of grassed waterways or sub-surface outlet drains . 
Terracing has the highest initial investment of all conservation 
measures and also requires annual maintenance. There may be a 
question of adaptability for terraces . Terraces are best adapted to 
soils which have deep topsoil and favorable subsoil texture (4). 
In this study, terracing was used as a supporting soil management 
measure in conjunction with the residue tillage alternative. The ter-
race was assumed to be a parallel grassed backslope. Terracing varies 
depending on soil characteristics, slope and erodibility of the soils 
on the farm. From interviews with the Soil Conservation Service offices 
within the Adair-Grundy-Haig soil association, information was obtained 
concerning terracing the particular soils of the area. The average 
cost in 1977 of terracing , including tile and intake, was $300 per acre 
with spacing at 132 feet. The average total cost per linear foot, 
including all work was $1.25 and the cost share rate was $ . 60 per foot. 
Maintenance costs were estimated at 5 percent of investment. Terrace 
construction was not allowed on slopes steeper ~han 8 percent 
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average slope due to an administrative decision based on program cost. 
Physical characteristics of the Adair soils and irregular topography 
of the Shelby soils restrict terrace construction. The Adair-Grundy-
Haig soil association causes prob~ems for terraces due to the texture 
of the subsoil and danger of exposing unproductive soil material (26) . 
The terracing alternative for this study was based on the above 
information . The Grundy soil with slopesof 5-9 percent was the only 
soil terraced . 
Cropping sequence 
Cropping sequence is another area where soil conservation options 
occur. Options in the crop sequence category include any crop rotation 
which reduces row-crop intensity. Potential soil loss decreases as 
row-crop intensity decreases as shown in Table 6. Meadow was assumed 
to consist of a alfalfa-smooth bromegrass combination. 
Table 6. Soil loss from different cropping sequences 
with conventional tillage on 364C2 Grundy 
(34) 
a Crop sequence 
CB 
CCB 
Continuous corn 
CBC OM 
CCC OM 
CCCOMM 
CCOM 
CCOMMM 
COMMMM 
Soil loss per acre (tons) 
22.S 
20.6 
l'7. 6 
10.3 
8.4 
6.9 
5 . 9 
4 . 4 
1. 9 
a 
See Table A-1 for a definition of crops. 
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Meadowless rotations have the greatest soil loss potential and soy-
beans in the rotation increase the soil loss level (34) . A corn-
soybeans rotation is common in Iowa and is used on approximately 
50 percent of the cropland (35). A meadow rotation is very successful 
at reducing soil loss. Soil loss from good quality meadow is minimal 
and when plowed, meadow ground has less soil loss potential due to 
improved infiltration (6). 
In this study , crop sequences were specified for each tillage 
alternative--non-residue, residue, no-till and residue-terrace- -at 
three soil loss levels--two, five and ten tons per acre. The tool 
used to specify the crop sequences or rotations was the universal soil 
loss equation. 
Universal soil loss equation 
The universal soil loss equation is a guide for use in conservation 
farm planning to determine soil losses from water erosion. The universal 
soil loss equation is based on soil loss experiment data from Iowa as 
well as other states . The equation can be used to estimate soil losses 
under various land use practices. This information provides a basis 
for comparison and selection between soil conservation options. 
The equation was developed for Iowa in 1946. The equation has been 
refined and updated as data are compiled. In 1961, the equation was 
revised and made applicable to the entire United States (6) . In 1977, 
all tables were revised to accommodate new conservation practices in 
use (34). 
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The universal soil loss equation is a mathematical formula which 
takes into account all major factors known to influence soil erosion. 
The equation is written as A = RKLSCP. 
where: A is the average annual soil loss in tons per acre predicted 
by the equation 
R is the rainfall factor 
K is the soil erodibility factor 
L is the length of slope factor 
s is the steepness of slope factor 
c is the cropping and management factor 
p is the supporting conservation practice factor 
(contouring, terracing) 
Using the equation involves multiplying values determined for the 
various factors that influence soil loss to give a predicted average 
annual soil loss in tons per acre (6). The values for the various 
influencing factors are listed in reference tables. Following, is a 
brief discussion of the individual factors. 
The rainfall factor, R, is based on research which indicates that 
some rains are more erosive than others and occur at different fre-
quencies in different areas. The number of erosive rains tends to 
increase in Iowa as one moves from the northwest to the southeast, as 
illustrated by Figure 1. 
The soil erodibility factor, K, reflects the fact that some soils 
erode faster than others due to differences in physical characteristics. 
Soil texture, size and stability of soil structure, soil permeability 
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and infiltration, organic matter content and soil depth are some of 
the important characteristics which affect the erodibility of soil • . The K 
factors for all soils in Iowa are listed in Table VI of the field 
office technical guide (34). K factors for Iowa range from .17 to .49. 
The K factors for the soils used in this study are shown in Table 7. 
Table 7. K factors for selected soils in the Adair-Grundy-Haig 
Soil Association (34) 
Soil class Primary soil K factor 
I Haig .37 
II & III Grundy .37 
IV Adair .32 
v Shelby .28 
VI Gara .28 
The slope length factor, L, and the slope steepness or gradient 
factor, S, are combined into a common factor referred to as the LS 
factor. The LS factor is based on the fact that soil loss increases 
as length and slope increase. If steepness is doubled, the erosion 
hazard increases 2.5 times. If the length of slope is doubled, the 
erosion hazard increases 1.5 times (6). The LS factor is defined as 
the ratio of soil loss from the field slope and length to that of a 
standard of 9 percent slope and 72.6 foot length. LS factors for all 
combinations of slopes and lengths are given in the Field Office 
25 
Technical Guide (34) , Table 8 shows the slope, length and LS factors 
assumed for the soils used in this study. 
Table 8. Slope, length and LS factors for selected soils in the Adair-
Grundy-Haig Soil Association 
Soil class Primary soil Average slope Length (ft.) LS 
I Haig 362 1% 100 .13 
II Grundy 3648 3% 160 .33 
III Grundy 364C2 7% 260 1.4 
IV Adair 19202 11% 400 3.1 
v Shelby 24E2 16% 400 5 . 5 
The crop and management factor, C, takes into account the effects 
of crop sequence and cultural practices . The C factor is the ratio of 
soil loss from a specific row crop system to that from a fallow condi-
tion . The C factor involves consideration of crop sequence, yield, 
residue amount, tillage and tillage timing. Factors have been developed 
for most common crop systems used in Iowa. Table 9 shows the crop 
factors for systems using residue tillage and Table 10 shows factors 
for conventional tillage and no-till. The factors range from . 016 for 
a largely meadow rotation under no-till to .56 for a corn-soybean 
rotation under conventional tillage. 
The P factor is the ratio of soil lost when a supporting practice 
is used to soil lost when straight-row, up and down the slope farming is 
Table 9. Soil loss (C) factors for 
cropland under conservation 
tillage (34) 8 
Crop 
Corn Beans 
Sequence Spring Fall Spring Fall 
Plow Chisel 
Corn-Soybean Res.Lft Disk 
Chisel Chisel 
Corn-Soybean Disk Disk 
Corn-Soybean Chisel Chisel 
Disk Disk 
Corn-Soybean I Chisel Chisel Disk Disk 
I 
a 
C m corn; B = soybeans; 0 = oats; 
X s catch crop; M z meadow and in all subse-
quent tables. 
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Crop Pounds of 
Residue Crop Reside on Soil Surface After Planting 
Covered By 1000 1500 2000 3000 4000 Tillage 
1500 2000 3000 4000 6000 
500 l bs .45 .41 .36 .30 .27 
1000 II .45 .39 .36 .30 
1500 II .44 . 39 .35 .29 
2000 II .43 .38 .34 
3000 II .42 .37 
4000 II . 40 
5000 II 
500 lbs .43 . 34 .28 . 19 .12 
1000 II . 43 .33 . 27 .19 .12 
1500 II .42 .32 . 25 .17 
2000 II .39 . 31 .24 
3000 " .37 I .29 
4000 " .34 
5000 II 
500 lbs .4 2 . 32 .25 .17 .11 
1000 " .42 .31 .24 .16 .11 
1500 II .39 .29 .24 . 16 .08 
2000 " .37 .29 . 22 
3000 II .34 .27 
4000 " .32 
5000 " 
500 lbs .39 .30 .24 .17 .09 
1000 " .38 . 30 .23 . 16 .09 
1500 " .37 . 28 .22 .15 
2000 " .35 .28 .20 . 14 
3000 " .33 .25 .20 I 
4000 " . 30 .25 
5000 " J 
Table 9. (Continued) 
Meadow and 
Catch Crop Row Crops Crop 
Sequence Spring Fall Spring Fall 
Continuous Chisel 
Corn Disk 
Continuous Chisel 
Corn Disk 
cccox Plowed Chisel 
Disk 
ccox Plowed Chisel 
Disk 
29 
Crop Pounds of 
Residue Crop Reside on Soil Surface After Planting 
Covered By 
1000 1500 2000 3000 4000 Tillage 
1500 2000 . 3000 4000 6000 
500 lbs .31 .24 .19 .13 . 07 
1000 It .31 .24 .18 .12 .07 
1500 It . 29 .22 .18 .12 .06 
2000 " . 28 .22 .16 .11 .06 
3000 fl . 26 .20 . 16 . 11 
4000 It . 24 . 19 . 15 
5000 It . 23 
500 lbs .34 .27 . 22 .14 .10 
1000 It . 34 .26 .21 .14 .10 
1500 It . 3~ .25 .20 .13 .09 
2000 It . 31 .25 .19 .13 .08 
3000 It .29 .23 .18 .12 
4000 " • 2 / . 21 . 18 
5000 It .26 
500 lbs .24 .21 .18 .15 .12 
1000 It . 24 .20 . 18 .15 .12 
1500 " .23 .20 .17 .15 .12 
2000 fl . 23 .20 . 17 . 14 .12 
3000 " .22 .19 .16 0 14 
4000 It .21 .18 .16 - 5000 II . 20 
500 lbs .22 . 19 .18 .16 .14 
1000 II .22 .19 . 17 .16 .14 
1500 It .21 .19 . 17 . 15 .14 
2000 It . 21 .19 . 17 .15 .14 
3000 It .20 .18 .17 .15 I 
4000 II .20 .18 .16 
5000 II .19 ! 
Table 9. (Continued) 
Meadow and 
Row Crop• 
Crop Catch Crop 
Sequence Spring Fall Spring Pall 
CCCOM Plowed Chisel 
Disk 
CC COMM Plowed Chisel 
Disk 
.. 
CCOM Plowed Chisel 
Disk 
CCOMM I Plowed Chisel 
Disk 
31 
Crop Pounds of 
Residue Cr op Reside on Soil Surface After Planting 
Covered By 1000 1500 2000 3000 4000 Tillage 
1500 2000 3000 4000 6000 
500 lbs .17 . 14 . 12 .09 .07 
1000 II .17 .14 .12 .09 .07 
1500 " .16 . 13 .11 .09 . 07 
2000 ti .16 .13 . 11 .09 . 07 ' 3000 " . 15 . 13 .11 .09 
4000 " .14 .12 . 10 
5000 " .13 
500 lbs .14 .12 .10 .08 .06 
1000 " .14 .12 .10 .08 .06 
1500 " .13. .11 .10 .08 .06 
2000 " .i3 .11 .09 .08 I • 06 
3000 " .13 .11 .09 . 08 
4000 " .12 . 10 .09 
5000 " . 11 
500 lbs . 13 .11 .10 .09 .07 
1000 " .13 .11 .10 .08 I .07 
1500 " .13 .11 . 10 . 08 .07 
2000 II .12 .11 . 10 :08 .07 
3000 II .12 .11 .09 .08 
4000 II .11 .10 .09 
5000 II .11 
500 lbs .11 .09 .08 .07 .06 
1000 " .11 .09 ~as .07 .06 
1500 " .10 .09 .08 .07 .OF. 
2000 " .10 .09 .08 .07 .06 
3000 II . 10 .09 . 08 .07 
4000 II .09 .08 .08 -
5000 II .09 I 
Table 9. (Continued) 
Meadow and 
Row Crop• 
Crop Catch Crop 
Sequence Spring Fall Spring Fall 
CCOMHK Plowed Chisel 
Disk. 
CCOMMMK Plowed Chisel 
Disk 
33 
Crop Pounds of 
Residue Crop Reside on Soll Surface After Planting 
Covered By 
1000 1500 2000 3000 4000 Tillage 
1500 2000 3000 4000 6000 
500 lbs .09 .08 .07 .06 . 05 
1000 " .09 .08 .07 .06 .05 
1500 " .09 .08 .07 .06 .05 
2000 II .09 .08 .07 .06 .05 
3000 " . 08 .07 .07 .06 
4000 " .08 .07 .06 
5000 " .08 
500 lbs .08 .07 .06 .05 .05 
1000 II .08 .07 .06 .05 .05 
1500 II .o~ .07 .06 .05 .04 
2000 " .08 .07 .06 . 05 . 04 
3000 II .07 .06 .06 .05 
4000 II .07 .06 .06 
5000 II .07 
-500 lbs 
1000 " 
1500 II 
2000 " 
3000 " 
4000 " ._____ 
5000 " 
500 lbs 
1000 II 
1500 II 
2000 " 
3000 II 
4000 II -
5000 " 
Table 10 . Soil loss (C) factors for 
cropland under conventional and 
no-till tillage (34) 
Conventional Tilla2e 
Crop Fall Plow Sprfo2 Plow 
Sequence Res Lft Res Rmd Res Lft Rea Rrnd 
CB .51 .56 .46 .52 
CCB .4 7 .53 .42 . 50 
Continuous .39 .48 .36 .45 
Corn 
CBCOX .35 .42 .32 . 41 
CBOX .28 .38 . 27 .34 
cccox .29 .39 .26 .36 
' 
ccox .25 .36 .23 . 33 
cox .18 . 27 .17 .27 
CBOOM .22 .30 . 21 .28 
CC COM .19 .27 .17 . 25 
CB COMM . 20 .25 . 18 .23 
CCOOMM . 16 .23 .14 .21 
35 
Conservation Tilla2e 
No Strip Sod Residue Croo Residue on Surface Af ter PlantinR 
jfill Till 2000 3000 1000 1500 2000 3000 4000 600o+ 
lbs lbs lbs l bs lbs lbs lbs lbs 
* .40 .32 .24 .17 .09 -
* .46 .37 .30 . 26 - -
* .3 7 .29 . 22 .15 .08 -
* .41 .33 . 26 .23 - -
* .32 .25 .19 . 13 .07 .03 
* .40 .31 .24 . 19 .13 . 08 
* . 22 .19 . 15 .11 .07 -
* .26 .21 . 18 . 14 - -
* .19 .16 .14 .10 .01 · -
* . 22 . 19 .16 .12 - -
* . 18 . 15 .12 .09 .06 .04 
* .23 .18 .15 .12 .09 . 07 
* . 14 . 11 .10 .08 .06 .04 
* .17 .14 .12 .08 .08 .07 
* .05 - - - - - - -
* . 06 - - - - - - -
* .18 .14 .11 .08 .05 -
* .21 .17 . 14 .11 .07 -
* .15 .12 . 09 . 07 .05 .03 
* .18 . 14 .12 .10 . 07 .06 
* .14 .12 . 10 .08 .os -
* .17 . 13 . 11 .09 .06 -
* .12 .10 . 08 . 06 .04 ~03-
* .15 .12 . 10 .08 .06 .OS 
Table 10 . (Continued) 
Conventional Tilla2e 
Crop Fall Plow Sorin2 Piow 
Sequence IRes Lft Res Rmd Res Lft Res Rmd 
COX COM .12 . 22 .11 .20 
COX COMM .10 .18 . 09 . 16 
CCOM .14 .22 .12 • 20· 
CCOMM .11 .17 .10 . 15 
CCOMMM .10 .15 . 09 .13 
COM .07 .13 . 06 .12 
COMM .06 .10 . 05 .09 
COMMK . 08 .04 .07 
COMMMM .04 .07 .04 .06 
No-Till - ~ o previc US tillagE prior tp 
~ lanting. 
Strip-Till - Up to one-third lof row " idtb 
cleane d and witl out resj !due 
after clan ting. 
37 
Conservation Tilla2e 
No Strip Sod Residue Crop Residue on Surface After Plantin2 
Till Till 2000 3000 1000 1500 2000 3000 4000 600o+ 
lbs lbs lbs lbs lbs lbs lbs 1bs 
* - • 033 ' * - .041 
* - .029 
* - .036 
* .10 .08 .07 .06 .04 . 03 
* .13 .10 .09 .07 .06 .05 
* .08 .07 .06 .05 .04 .03 
* .10 .08 .07 .06 .05 . 04 
* .07 .06 .05 .04 .03 .02 
* .09 .07 .06 .04 • 04 .03 
* - .022 
* - .029 
* - .019 
* - . 024 
* .017 
, -
* - . 021 . 
* - .016 
* - .019 
. 
. 
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used . The factor involves contouring and terracing. The soil conserv-
ing effects of contouring and terracing have already been discussed . 
Row crop system 
The row crop system is made-up of a tillage system, tillage opera-
tion timing, supporting soil management practices and crop sequence. 
The universal soil loss equation was used to define the row crop 
system for each soil class given a specific tillage alternative and 
soil loss level. The alternative tillage systems were non-residue, 
residue, no-till and residue-terrace. Three soil loss levels were 
used--two, five and ten tons annual soil loss per acre. The five ton 
level relates to a level coamonly believed to be allowable on most soils 
without reducing long term productivity. The equation was used in the 
A 
form C = RKLSP A C factor was obtained for each soil class, soil loss 
level and whether straight-row, contour or terraces were used. Crop 
sequence and tillage timing was specified within the C factor for the 
various tillage alternatives. Maximum corn and corn-soybean rotations 
were defined. Fall tillage and straight-row farming practices were 
utilized whenever possible. Surface residue estimates were developed 
by tillage system. 
The universal soil loss equation was also used to estimate the 
soil loss for each soil class under the current row crop system. The 
equation was used in the form of A = RKLSPC and finding A gives the soil 
loss for a given row crop system on a particular soil class. The current 
row crop system was assumed to be conventional non-residue tillage 
39 
utilizing straight-row, up-and-down-the-hill farming. Tillage was 
assumed to be accomplished in the fall where applicable. Tables 12, 
13 and 14 contain computed RKLSP factors for straight-row, contour and 
terracing, respectively. By selecting the RKLSP factor for each soil 
class and multiplying by the C factor for the specified crop system the 
average annual soil loss can be estimated. Table 11 shows the present 
crop sequence and estimated soil loss. 
Table 11. Present crop sequence assumptions and estimated soil losses 
Soil class 
I 
II 
III 
IV 
v 
Crop sequence 
CB 
Continuous corn 
CB 
Continuous corn 
CB 
Continuous corn 
Pasture 
Continuous corn 
Pasture 
CCOM 
Pasture 
Soil loss (ton/acre) 
3.0 
2.5 
8.7 
7.3 
22.6 
17 . 7 
47.0 
32 . 3 
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Table 14. Average annual soil loss f r om continuous fallow on 
terraced fields (34) 
Slope PAliLLEL GRADIENT GRASSED &ACK.SLOP! THJl.ACP!S 
Length Steepne•• Soil Erodibility Pectore 
Feet % 0.24 0.32 0.37 0.43 0.49 
240 2 5.5 7.4 8.6 9.9 11.3 
420 2 7.1 9.4 10.9 12.6 14 .4 
240 3 6.5 8.7 10.0 11 .7 13.3 
360 3 7.8 10 .4 12.0 13.9 15.8 
180 4 8.2 10. 9 12.6 14 . 7 16.7 
240 4 9.4 12 .8 14. 9 17. 3 19.7 
300 4 10.9 14 . 6 16.8 19.5 22 . 4 
180 5 10 .7 14 .3 16. 5 19 .2 21. 9 
240 5 12 .6 16.8 19 .4 22.6 25.8 
120 6 9.4 12.6 14.6 16 . 9 19.2 
180 6 13.2 17 .6 20.4 23.7 27. 0 
120 8 13.8 18.5 21.3 24. 8 28.2 
105 10 20.4 27 . 2 31.5 36 .7 41. 7 
120 10 2).6 31.8 36 .7 42 . 9 48.6 
90 12 22.7 30.l 34.7 40. 3 46 .0 
120 12 30.9 41. 2 47.6 55.3 63.1 
90 14 28.0 37 . 3 43.2 50.2 57.2 
120 14 39 .0 52.0 60 .1 69.8 19 .5 
90 16 34 .7 46.3 53.6 62. 2 71.0 
90 18 56.2 74.9 86.6 100.6 115.3 
0 .55 
12.7 
16.l 
14.9 
17.8 
111.8 
22.2 
25.l 
24 . 5 
28.9 
21. 7 
30.3 
31. 7 
46 . 9 
54.5 
51.6 
70.8 
64.2 
89 .2 
79.6 
J 28. 7 
Length specified in the colunm is s pacing as shown in Standard and 
Spee if ica t ion 600, and excludes length of backslope. 
To de termine average annual soil loss when crops are grown on the 
land: 
1. Select the soil loss from the table above for the proper field 
condition. 
2. Multiply the soil loss by the C factor selected under the rota-
tion, management or tillage system from Tables 9 and 10. 
45 
Residue amounts were based on Soil Conservation Service guide-
lines (29). According to the guidelines, corn produces one pound of 
residue per pound of corn or on a total yield basis, a 100 bushel corn 
crop will produce approximately 5600 pounds of corn residue. Soybeans 
which yield 40 bushels per acre will produce approximately 1800 pounds 
of residue. One pound of soybean residue is equal to two pounds of corn 
residue in its effectiveness to control water erosion . From the total 
residue estimates, residue remaining on the surface can be estimated by 
using the previous Table 2 and the tillage system. Assume a field has 
6000 pounds of residue on the soil surface from a 107 bushel corn yield. 
If it is chisel plowed with straight shanks, the residue would be 
reduced by 20 percent, leaving 4800 pounds of residue on the surface. 
Assume it is then disked once with a tandem disk in preparation for 
planting. The 4800 pounds of residue will be reduced by 50 percent 
leaving 2400 pounds on the surface (29). Table 15 shows the residue 
estimates used in this study. 
Table 15. Crop residue levels for selected soils 
Soil class 
I, II & III 
IV 
v 
Total (pounds) 
Corn Soybeans 
6000 
3700 
3700 
3600 
2400 
2400 
After residue tillage (pounds) 
Corn 
1600 
1500 
1500 
Soybeans 
1500 
1000 
1000 
46 
Conventional, non-residue tillage was assumed to cover all residue 
and no-till was assumed to leave all residue on the surface. As a 
livestock consideration, one ton ·of corn stalks per acre was allowed 
to be removed from soil classes I-III without affecting erosion control. 
The row crop systems developed by the universal soil loss equation 
are shown in Table 16. The row crop systems are defined by tillage 
system, soil loss level and soil class. 
Crop budgets 
Crop production information needed for development of both row 
crop and pasture budgets include yields, fertilizers, herbicides and 
insecticides and seeds. The inputs used in this study were obtained 
from both published and unpublished information with recommendations 
from extension agronomists. 
Yields were developed for both row-crops and forage production. 
Table 17 shows crop yield assumptions by soil class for the various 
row-crop products. Crop yields were assumed constant with respect to 
tillage practice. Corn, soybeans, oats and hay were assumed to be grown 
on all soil classes except class VI. Soil class III represents steep 
topography and would be primarly unimprovable pasture or timber. 
Silage was allowed to be taken only on soil class I and II. Forage 
yields were defined by soil class for all pasture alternatives. 
Pasture alternatives included the present primary species of Kentucky 
bluegrass with continuous graze management as well as several pasture 
improvement alternatives. The pasture improvement alternative species 
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were birdsfoot trefoil-grass combination (orchardgrass or fescue), 
smooth bromegrass, reed canary grass and switchgrass . All species 
were assumed to be continuous grazed except switchgrass. Switchgrass 
is a warm season perennial with production occurring mostly during 
the hot summer months of late June, July and August. A particular 
pasture alternative was designed with switchgrass and smooth bromegrass 
in rotation. The smooth bromegrass would be grazed in spring and early 
summer and rested while the switchgrass was in prime production in mid-
summer months. Smooth bromegrass would be grazed again in the fall. 
Ray production activities were developed to allow stockpiling of 
excess pasture forage production for later use for all alternatives . 
Pasture yields were obtained through discussions with Iowa State 
University agronomists and are shown in Table 18. 1 Yields are shown 
in total pounds of dry matter per acre and in total digestible nutrients. 
Table 17. Land class croe ~ield as sumetions ~132 
Soil class Corn Silage Soybeans Oats Hay 
(bu./A2 (ton/A) (bu./A) (bu./A) (ton/A2 
I 105 15 40 58 4.2 
II 107 15 41 59 4.5 
III 97 37 53 4.1 
IV 60 23 34 2.6 
v 72 27 39 3.0 
vra 
a 
Rotated crops would not be grown on soil class VI . 
1 
Dr. Walter F. Wedin gave special assistance in developing the 
pasture yields. 
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Table 18. Forage yields of pasture alternatives 
Total Grazing 
D. M. TDN efficiency 
Alternative 
a 
(lbs) (lbs) {io) 
Soil class III BFT-Gr. 5684 4263 70 
SB (120N)-C . Gr . 6006 3904 60 
3S.Gr. 6930 4504 65 
RCG (120N)-C .Gr. 8208 5417 55 
Switchgrass (lOON) 6195 3716 50 
KBG (60N) 5337 3683 65 
Soil class IV BFT-Gr. 3791 2843 70 
SB (120N)-C.Gr. 4006 2604 60 
3S.Gr. 4622 3004 65 
RCG (120N)-C.Gr. 5475 3613 55 
Switchgrass (lOON) 5334 3200 50 
KBG (60N) 3560 2457 65 
Soil class V BFT-Gr . 4894 3670 70 
SB (120N)-C .Gr. 5171 3361 60 
3S.Gr. 5967 3878 65 
RCG 7067 4664 55 
Swi tchgrass 5334 3200 50 
KBG (60N) 4595 3171 65 
Soil class VI KBG 1231 850 65 
'\ef er to Table A-1 for definition of alternatives. 
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Utilization efficiences used to adjust total production values to 
actual available production are also shown in Table 18. Table 19 
shows for each soil class the monthly distribution of total digestible 
nutrients in pounds per acre for each forage alternative . 
Corn plant refuse was available for grazing in fall or could be 
harvested for use as a winter and early spring feed sour ce. Roughage 
by-products from corn production can readily be converted into energy 
and research has shown beef cows will consume 12- 15 pounds of corn 
plant refuse dry matter daily (14) . Use of corn stalks is limited 
seasonally if grazing is the only form of utilization. Grazing corn-
stalks, although being the least cos t form of utilizing corn refuse , 
allows utilization of about 15 percent of the available rough~ge (14). 
Grazing may also restr ict fall field work. Usually SO percent of the 
available stalks can be harvested as corn stover. However, feeding 
losses with stover may be high. The usual harvest method is a flail-
type harvester with stack-forming unit. The stacks can be fed through 
winter and into the spring. Total digestible nutrient yields in pounds 
per acre were assumed to be 240 pounds for grazing stalks and 816 pounds 
for stover. 
Fertilizer rates were developed based on soil class characteristics . 
Rates were assumed to not be affected by tillage system. Subsoil 
phosphorus and potassium levels were obtained from Selected Information 
for Iowa Soil 'rypes (38). Average soil test information was obtained 
from Principal Soils of Iowa (26). Chemical and physical characteristics 
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were also obtained from Selected Information for Iowa Soil Types (38). 
Table 20 shows the fertility and physical characteristics of the soils 
used in this study. Nitrogen and the actual phosphorus and potassium 
recommendations used in this study were obtained by using the informs-
tion in Table 20 with the General Guide for Fertilizer Recommendations 
in Iowa (37) . The fertilizer recommendations are listed in Table 21 
and are defined by soil class and crop. 
Table 20. Characteristics of selected soils in the Adair-Grundy-Haig 
Association 
Soil fertility 
Subsoil Test class Ph;t:sical traits 
Limiting 
Soil Primary Poor physical 
class soil p K p K Calcareous drainage Sand trait 
I 362 L L L M x 
II 364B VL L VL-L L-M 
III 364C2 VL L VL-L L-M 
IV 19202 VL VL+ VL L-M x 
v 24E2 VL VL+ VL-L L-M x 
VI 179E2 VL VL- x 
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Herbicide recommendations were developed following communications 
with Area Crop Production Specialists, Mark Wall and Stan Murdoch, and 
from the Weed Control Guide for 1978 (18) . Insecticide recommendations 
wer e obtained from the Summary of Iowa-Insect Pest Control (12) and 
through discussions with area specialists . The herbicide and insec-
ticide reconmendations varied depending on t illage system. Higher 
residue systems tended to require mor e herbicide and insecticide than 
conventional tillage systems. The r ecommendations f or herbicide and 
insecticide are also listed in Table 21. 
Seed requirements f or row crops were obtained from extension 
production information . Seeding rates for forages were obtained from 
Forage Crop Varieties and Seeding Mixtures (27). Forage production 
input data were obtained through discussions with various Iowa State 
University agronomists . All row crop production inputs are listed in 
Table 21 and all pasture production inputs are listed in Table 22. 
Insecticide costs for row crop production were assumed to be $6 . 25 per 
acre for non-residue and $8 .50 per acre for residue and no-till . 
The representative farm was assumed t o own a four -row complement 
of r ow-crop machinery. Equipment was assumed to be available for the 
establishment , cultivation and harvest of row-crops, small grains and 
forages. Tables B-1 and B- 2 in the Appendix show the machinery comple-
ments for each tillage and forage systems. Tables B-1 and B-2 also 
show the total investment and ownership costs for the machinery. 
The Oklahoma Budget Generator was used to forarulate budgets from 
the production input and machinery data. Budgets were developed for 
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each particular crop for a specific s oil class and tillage system. 
Tables 23A and 23B shows a sample budget. Crop rotation budgets were 
manually constructed from generated unit budgets. Only total variable 
cost, operating capital and total labor hours were retained for use 
in the analysis. Table 24 lists the total variable cost, operating 
capital, and total labor weighted and averaged for crop rotations. 
Table 25 shows budget ·data for the forage alternatives . Table C-1 in 
the Appendix, shows a budget for native pasture maintenance which is 
assumed to be Kentucky bluegrass. 
Livestock enterprises 
The livestock enterprises in this study consisted of beef and swine 
production. The beef enterprises included cow- calf and finishing 
activities. The beef cow-calf activity did not define any specific 
breed. The herd was assumed to be capable of producing a 450 pound 
calf in 205 days. Cows were assumed to be bred naturally and calved in 
spring . It was assumed that there would be 25 cows per bull . Each cow, 
assuming a 90 percent calf crop, would annually produce . 45 steer calf 
we ighing 450 pounds and .45 heifer calf weighing 400 pounds. 
The beef cow enterprise feed requirements were divided into two 
periods winter and non-winter. The winter feed requirements were 
based on the December through March winter period with the cow in a dry, 
pregnant condition . The non-winter period filled the remaining months 
with the cow in lactation a majority of the time. Alternative winter 
rotations were developed to utilize various feedstuffs available and 
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Table 23A. Croe eroduction bud s e t 
Category Units Price Quantity Value 
Production: 
Soybeans Bu. 5.750 40.000 $230.00 
Total receipts 230.00 
Operating inputs: 
Soybean seed Bu . 10.250 1.000 10 .25 
Phosphorus Lbs. 0.180 70.000 12.60 
Potassium Lbs. 0.180 30.000 2.70 
Lime Tons 6 .000 0 .500 3.00 
Treflan Pt . 3.250 1.500 4.88 
Sencor SOW Lbs. 6.950 0.750 5.21 
Blk fert sprd Acre 0.500 1.000 0.50 
Tractor fuel cost Acre 2.69 
Tractor repair cost Acre 1.89 
Tractor lube cost Acre 0.40 
Equipment fuel cost Acre 0.75 
Equipment lube cost Acre 0.11 
Equipment repair cost Acre 2.44 
Total operating cost $ 47.42 
Returns to land, labor, capital, 
machinery, overhead, risk, and 
manasement $182.58 
Capital cost: 
Annual operating capital 0.100 19.974 2.00 
Tractor investment 0.100 38.164 3.82 
Equipment investment 0.100 65.787 6.58 
Total interest charge 12.39 
Returns to land, ~abor, machinery, 
overhead 1 risk 1 and manasement ~ 170.19 
Ownership cost: (depreciation, 
taxes, insurance) 
Tractor Dol. 4.93 
Equipment Dol. 11.25 
Total ownership cost 16.18 
Returns to land, labor, overhead, 
risk 1 and management $154.01 
Labor cost: 
Machinery labor Hr. 5.000 1. 788 8.94 
Total labor cost 8.94 
Returns to land, overhead, risk, and 
management $145.07 
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Table 23B . Machinery operating reguirements of crop production budget 
Fuel, oil, Fixed 
Item Times Labor Machine lub. , rep. costs 
Operation no. Date over hours hours eer acre eer acre 
Tandem disk W3 Apr. 1.00 0.142 0.129 0.52 1. 71 
Plow 4-16 4,42 Apr. 1.00 0.448 0.407 1.85 4.53 
Sprayer, 
trailing 2, 80 May 1.00 0.070 0.063 0.19 1.23 
Tandem disk 4,33 May 1.00 0.142 0.129 0.52 1. 71 
Spring tooth 
harrow 4,57 May 1.00 0.156 0.142 0.50 1. 55 
Planter 4-38 2,63 May 1.00 0.188 0.171 0.73 2.57 
Rotary hoe 
4R 2 , 69 June 1.00 0.108 0.098 0.26 0.86 
Cultivator 
4R 2,76 June 1.00 0.191 0.174 0.47 1.30 
Cultivator 
4R 2 , 76 July 1.00 0.191 0 . 174 0.47 1.30 
Grain head 13,82 Oct . 1.00 0.426 0.388 2.28 8.73 
Grain wagon 
200B 4,96 Oct. 0.40 0.151 0.138 0.49 1.07 --
Totals 2. 214 2 .013 8.28 26.57 
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Table 24 . Budget data for crop sequence (per acre) 
Soil 
class Rotation TVC ($) 
8 
Operatingb 
capital ($) 
Present land use I CB 62.58 20.64 
Continuous corn 94 . 06 36 . 40 
Silage 97.97 40.48 
II CB 66.36 21.03 
Continuous corn 92.16 35.45 
Silage 103.89 42.93 
III CB 66.06 20.89 
Continuous corn 90.51 29.31 
Silage 103.69 42.72 
Pasture 26.13 3.10 
IV CBC OM 58.75 22.23 
Continuous corn 72.00 27.24 
Pasture 26.13 3.10 
v CCOM 68.19 30.10 
Pasture 26.13 3.10 
8
Total variable cost (TVC) includes all operating input and 
machinery operating costs. 
Labor 
(lu.) 
total 
2.41 
2. 77 
3 .5 
2.38 
2. 77 
3.5 
2 . 38 
2.44 
3.5 
.29 
2.37 
2.44 
.29 
2.54 
.29 
bOperating capital includes approximately one-half of all operating 
input costs. 
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Table 24. (Continued) 
Labor 
Soil Operating (hr.) 
class Rotation TVC ($) capital ($) total 
Non-residue I CB 62.58 20.64 2.41 
Silage 97.97 40.48 3.5 
Continuous corn 94.06 36.40 2. 77 
II CBCOM-LRB 65.04 25.18 2.49 
-Haylage 67.17 25.58 3.31 
CB 66.36 21.03 2.38 
Continuous corn 94.76 36.75 2. 77 
CCC OM 75.50 30.65 2.68 
Silage 95.99 39.66 3.5 
III COMM-LRB 59.32 25.30 2.45 
CCOM-LRB 69.95 29.34 2.62 
CCCOM-LRB 74.03 30.50 2.65 
IV COMMM-LRB 51.18 21.59 2.37 
CCOMMM-LRB 54.08 22.41 2.41 
Residue I CB 64.35 21.58 2.1 
Silage 96.57 47.23 3 . 0 
Continuous corn 91.26 35.41 2.4 
II Continuous corn 88.28 34.26 2.44 
CB 68.24 21. 96 2 . 1 
Silage 93.42 45.69 3.0 
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Table 24. (Continued) 
Labor 
Soil Operating (hr.) 
class Rotation TVC ($) capital ($) total 
III CB (terrace) 67.98 22.10 2.07 
CCOMMM-LRB 61.09 23.21 2.32 
CCCOM-LRB 73.95 28.20 2.39 
Continuous corn 88.08 34.26 2.43 
IV CCOMMM-LRB 53.93 20.92 2.25 
CCOMM-LRB 56.63 22.07 2.24 
CCOM (terrace)-
I.RB 59.98 23.44 2.26 
No-till I CB 69.56 28.22 1.45 
Silage 100.35 28.78 2.9 
Continuous corn 98.99 38.46 1.84 
II CB 73 . 44 30.11 1.45 
• Continuous 95.85 37.25 1.84 corn 
Silage 97.17 27.87 2.9 
III Continuous corn 95.98 37.28 1.84 
CB 73.09 30.25 1.43 
IV COMM-I.RB 59.79 23.93 1. 9 
CCOMM-LRB 59.38 24.65 2.04 
CCCOMM-LRB 62.32 25.59 1. 98 
v COM-I.RB 62.99 28.34 2.08 
CCOMMM-LRB 60.56 25.56 2.06 
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Table 25. Budget data for the forage alternatives (per acre) 
Operatingb Labor 
TVC ($)a capital ($) hrs/yr . 
BFT- grass-- renovate A 31.12 4.96 .41 
Inter seed B 33 . 81 3 . 98 .31 
SB c 34 . 14 5 . 65 .37 
RCG D 46 . 62 6 . 40 . 37 
Switch E 45.18 6.49 .37 
a 
24 Refer to Table for definitions of TVC. 
b 
Table 24 Ref er to for definition of Operating Capital. 
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were based on the winter maintenance requirements of a 1000 pound cow. 
A 1000 pound cow daily requires 15 pounds of dry matter, .9 pounds of 
protein and 7.6 pounds of total digestible nutrients . Table 26 shows 
the winter ration alternatives. The rations reflect an additional 20 
percent for replacement heifers . 
Table 26. Wintering rations for a 1000 pound pregnant 
non-lactating beef cow--as fed (14) 
Ration Ingredient Pounds/day 
1 Stover 15 
Corn 4 
Protein 1.0 
2 Stover 12 
Hay 7 
3 Silage 25 
Hay 7 
4 aay 17 
5 Silage 43 
Total pounds 
2200 
485 
120 
1440 
840 
3000 
840 
2200 
5200 
The non-winter feed requirements were supplied by grazing 
available forage feedstuffs. The majority of the requirements was 
supplied by summer pasture with stalk grazing, stover, hay and silage 
competing for the remainder. The summer pasture was independent of the 
o ther feed. The pasture could only be supplemented by harvested surplus 
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production from a previous month. Beef requirements were defined on 
a monthly total digestible nutrient requirement basis. Table 27 shows 
the requirements for the non-winter period. Alternate pastures were 
allowed to compete to supply the requirements. 
Table 27. Total digestible nutrient requirements for a 1000 
pound beef cow through the lactation period (20) 
Month TDN (pounds) 
April 360 
May 398 
June 433 
July 462 
August 486 
September 500 
October 512 
November 237 
A cow-calf enterprise budget is shown in Table D-1 of the Appendix. 
The budget shows non-feed variable costs, operating capital, investment 
capital and labor hours required per cow-calf unit. 
Feeder cattle were allowed to be either sold as feeders or fed-out 
and sold. The feeder steers would be sold at a weight of 450 pounds 
or fed-out and sold at a weight of 1100 pounds . The heifer cal ves not 
used for replacement could be sold at a weight of 400 pounds or fed-out 
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and sold at a weight of 910 pounds. No off-farm purchase of feeder 
cattle was allowed. The feeder cattle were assumed to be finished in 
an open lot--windbreak facility with fenceline bunks . Table D-5 in 
the Appendix shows the fixed costs associated with the finishing 
facility. Finishing rations were developed for both steers and heifers. 
The rations are shown in Table D-2. Rations 1, 2 and 3 were silage and 
corn and rations 4 and 5 were hay and corn for both steers and heifers. 
The rations had various percentages of corn for different rates of gain. 
Budgets showing the non-feed costs, protein costs for rations, operating 
capital and labor for both steers and heifers are in Tables D-3 and D-4. 
The swine enterprise consisted of a farrow-to-finish activity with 
low-intensity, low-investment facilities. The particular system refers 
to a system defined by the National Pork Producers Council (5). The 
low-intensity, low-investment farrow-to-finish system is characterized 
by simple building design with minimal environmental control and labor-
savings devices. Farrowings would occur four times per year usually 
in December, February, June and August. The system would include a 
central farrowing house, nursery and finishing unit. The building 
would be permanent and could have been converted from other uses or 
specifically constructed for swine. 
Swine production standards followed the National Pork Producer 
Council's guidelines. Sows were assumed to wean 7.5 pigs per litter 
and farrow 1.7 times per year . Replacement of sows was 50 percent per 
year with cull sows weighing 400 pounds . A boar was used for every 
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30 sows. Pigs were weaned at one month of age and finished at six 
months at a market weight of 220 pounds. Mortality was assumed at 1.5 
percent f rom weaning to market. Feed requirements for the swine enter-
prise are listed below in Table 28 . 
Table 28. Swine corn requirements--per head (22) 
Activity 
Sow (gestation and lactation) 
Replacement gilt 
Finish hog 
Bushels 
20 
8 
10.5 
Table E-1 in the Appendix shows a swine farrow-to-finish budget. 
The budget lists non-feed variable costs, non-farm produced feed costs 
and breeding stock investment. Table E-2 shows swine facilities invest-
ment assumptions. The swine enterprise was limited to 500 head of 
finished hogs. Table 29 summarizes the total variable cost, operating 
capital and livestock labor inputs used in the analysis of this study. 
Prices and costs 
Crop prices were developed by averaging prices over the previous six 
years. The following is a list of prices received for crops on a per 
bushel basis: 
Corn 
Soybeans 
Oats 
$2.30 
$6 .00 
$1.30 
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Table 29. Livestock budget inputs 
Operatingb Labor 
Enterprise TVC ($)a capital ($) (hrs/yr.) 
Beef cow (per head) 
Non-protein ration 36.13 18 . 00 5 
Protein ration 48.13 24.00 5 
Slaughter steer (per head) 
Ration tH 53.00 20.67 4 
Ration tn 48.00 18. 72 4 
Ration t/3 46.50 18.14 4 
Ration //4 35.50 13.85 4 
Ration 415 40.50 15.80 4 
Slaughter heifers (per head) 
Ration //1 45.25 16.65 3.5 
Ration tn 40.65 15.85 3.5 
Ration #3 39 . 25 15.31 3.5 
Ration //4 33.25 12.97 3.5 
Ration //5 38.25 14.92 3.5 
Swine production (per litter) 235.87 40 . 00 22.5 
aTotal variable cost includes all non-farm feed and all non-feed 
operating costs. 
b Operating capital includes one-half of TVC minus machinery oper-
ating costs. 
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Corn was not allowed to be purchased in this study. Hay and straw were 
not allowed t o be purchased or sold . 
Livestock prices were based on historical information for both beef 
and swine. Swine prices were developed by averaging prices over the 
previous six years . Beef prices were developed according to a beef 
cycle relative to a corn price of $2 . 30. Three beef prices were 
established--average, below average and above average. The average 
beef price was defined to be a break-even or mid-cycle price. Dr. Gene A. 
Futrell, Professor of Agricultural Economics at Iowa State University, 
assisted in establishing the livestock prices. The livestock prices 
used in this study are shown in Table 30. 
Table 30 . Livestock prices 
Activity 
Feeder pigs 
Ma rket hogs 
Cull sows 
Feeder steers 
Feeder heifers 
Finished steers 
Finished heifers 
Cull cows 
Below average 
50.00 
46.00 
40.00 
39.00 
30.00 
Price ($/cwt) 
84.00 
42.00 
35 . 00 
Average Above average 
70.00 90 . 00 
64.00 82.00 
55.00 70.00 
53.00 68.00 
41.00 52 . 00 
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All costs used in this study represent 1978 technology and input 
prices. Crop input prices--fertilizer, herbicide, insecticide, and 
seed--were obtained through comuunication with commercial dealers. 
Livestock input prices were similarly derived. Hired labor and interest 
costs were current market rates. 
Linear programming model 
Linear programming was used to combine the activities in this study 
into a profit-maximizing farm solution. The model was developed to 
compare the various crop and livestock alternatives within the farm 
restrictions. 
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CHAPTER Ill: DATA ANALYSIS 
Analysis Procedure 
The analysis of the representative farm with the linear programming 
model was divided into three sets of solutions. The first solution was 
defined to view the impact of reducing soil loss on cropping practices, 
evaluate the relative benefits of alternative systems of tillage opera-
tions with respect to soil conservation and study the impact of soil 
conserving practices upon livestock programs. The second solution was 
defined to determine if improved forage production practices contributed 
to soil conservation and income. The third solution involved a combina-
tion of the first two solutions and was defined to assess the affect of 
various livestock prices upon soil conservation and forage production. 
The first solution dealt with soil loss restrictions on three farm 
livestock assumptions: no livestock, beef only, and beef-swine. For 
each livestock assumption, the impact of reducing soil loss by alterna-
tive tillage and soil management systems at various soil loss limits was 
viewed. The beef farm was also used to view the impact of various beef 
price levels. 
Solution two dealt only with the beef farm assumption and viewed the 
impact of improving pastures. Various beef prices were also used. 
The third solution viewed the impact of reduction of soil loss 
in conjunction with improvement of forage production. Various soil 
loss levels as well as beef prices were used. 
Table 31 suamarizes the variables used in the analysis. 
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Table 31. Analysis variables 
Livestock assumptions: 
no livestock, beef only, beef-swine 
Tillage alternatives: 
non-residue, residue , no-till , r esidue-terrace 
Soil loss levels (tons/acre): 
unrestricted,2 ton , 5 ton, 10 ton 
Beef price levels: 
below average , average , above average 
Pasture alternatives : 
Unimproved--Kentucky bluegrass 
Improved--birds foot trefoil-grass 
smooth bromegrass 
Solution one--model #1 
smooth bromegrass-switchgrass-3 season graze 
reed canarygrass 
Results 
The impact of reducing soil loss was first viewed on a no livestock 
model. The results are listed in Table 32. The no livestock model was 
run with no activities for producing either beef or swine. The only 
activities in the program were for row-crop production. All pasture 
was rented out. The model was run utilizing conventional non-residue 
tillage with no soil loss restriction to identify the present situation. 
The model was also run with each tillage and soil management alternative 
at the three soil loss limits. 
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The no-livestock model showed greatly reduced net farm income from 
restricting soil loss. Referring to Table 32, non-residue tillage caused 
the most dramatic reduction in net farm income. Income from the non-
residue alternative was lowest among the respective alternatives at all 
three soil loss levels--two , five and ten tons. The two ton soil loss 
level for the non-residue alternative reduced income by 62 percent. 
Comparatively, the residue . no-till, and residue-terrace alternatives 
brought about income reductions of S2 percent , 39 percent , and 48 percent 
respectively. Income at the five and ten ton levels reflected a similar 
pattern as the two ton levels. The no-till soil management alternative 
caused the least reduction in net farm income at all soil loss levels. 
However, at the five and ten ton levels the net farm income for no-till, 
residue, and residue- terrace was very similar. 
Row-crop acres in the no-livestock model tended to decrease as the 
soil loss restriction decreased. Row crop acres were at a maxiDllm level 
of 328 acres with the present , unrestricted soil loss, non-residue 
tillage. The two ton soil loss restriction on the non-residue alterna-
tive allowed the lowest level of row-crop acres at lSO, a reduction of 
SS percent . The non-residue alternative also had the lowest respective 
row-crop acres at the five and ten ton soil loss limits. The residue-
terrace alternative attained the maximum level of row-crop acres for the 
10 ton limit at 238 acres , a 28 percent reduction from the present unre-
stricted situation. Row-crop acres were reduced below the unres t ric ted 
level at all three soil loss levels with the residue-terrace alternative 
allowing the least reduction. 
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The row-crop product mix changed substantially according to the 
tillage alternative. Maximum levels of corn and soybeans acres, 193 
and 90 respectively, were obtained with the present, unrestricted situa-
tion. The present system reflected a corn-soybeans acreage relationship 
of 2:1. The 2:1 ratio was maintained by the non-residue alternative 
but at a 66 percent reduction of actual corn and soybeans acres. The 
residue, no-till, and residue-terrace alternatives caused more emphasis 
on corn production at the two ton level, showing corn-soybeans acreage 
ratios of 5:1, 4.8:1 , 7:1, respectively. At the five ton level, the 
residue and no-till alternatives showed a reduction in corn acres and 
an increase in soybeans acres and a return to the 2:1 corn-soybeans 
relationship. The residue-terrace alternative at the five ton level 
attained a 1:1 corn-soybeans acreage ratio with soybeans at the same level 
as in the unrestricted situation with 90 acres. The ten ton soil loss 
limit allowed increased corn production with soybeans holding somewhat 
stable at the levels attained in the five ton soil loss limit. A maximum 
of 135 acres of corn, a reduction of 31 percent from the present, unre-
stricted situation was obtained through the residue tillage alternative 
at the ten ton soil loss restriction. 
Solution one--model #2 
The beef farm model was run with activities for both raising and 
finishing beef. The results are listed in Table 33. Activities included 
cow-calf production as well as feeder calf selling or finishing. Both 
row-crop and livestock were allowed to compete for available land and 
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pasture was assumed to be Kentucky bluegrass. The model was run using 
non-residue tillage t o identify the present situation. The model was 
also run with each tillage alternative at three soil loss levels. 
Beef prices were at the breakeven or average level. 
The beef model showed reduced net farm income from restricting soil 
loss. All tillage and soil management alternatives at all levels of 
soil loss restriction--two, five, and ten ton--produced lower net farm 
income than the present , unrestricted non-residue situation. Similar 
to the no-livestock model, the non-residue alternative caused the lowest 
income among the respective alternatives at all three soil loss levels. 
At the two ton soil loss level, the non-residue alternative showed a 
26 percent reduction in net farm income. Residue, no-till , and residue-
terrace produced respective reductions at the two ton loss level of 
20 percent, 17 percent , and 25 percent. For all alternatives, net farm 
income increased as the soil loss level increased. The five ton soil loss 
level caused a 6 percent average increase over the two ton income level. 
The ten ton level showed a 8 percent average increase over the two ton 
income level. The no-till soil loss alternative allowed the least 
reduction in income at all soil loss restriction levels, however, there 
was very little difference in income among the alternatives. 
Row-crop acres in the beef model were reduced from the present, 
unrestricted level of 238 acres by restricting soil loss . The greatest 
reduction in row-crop acre s occurred at the two ton soil loss and with 
the non-residue alternative where 156 acres represented a 35 percent 
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decrease. Row-crop acres were relatively stable for the other tillage 
alternatives at 180 and 197 acres for the five and 10 too levels respec-
tively . One hundred ninety-seven acres represented a reduction of 17 
percent from the unrestricted situation. 
The row-crop product mix was affected both by tillage alternatives 
and soil loss level. Both corn and soybeans tended to increase as soil 
loss increased. However, in the residue-terrace, corn acres decreased 
from 144 acres at the two ton soil loss level to 108 acres at the five 
ton soil loss level. At the same time, soybeans changed from zero acres to 
72 acres . Soybeans failed to enter at the two ton level with the residue 
and residue-terrace alternatives. The maximum soybeans level of 72 acres, 
only a 5 percent reduction from the unrestricted level, entered at the 
ten ton restriction with no-till and residue-terrace. The maximum corn 
level of 153 acres occurred at the ten ton level with residue tillage 
and represented only a 6 percent reduction. The present, unrestricted, 
non-residue system allowed 162 acres of corn and 76 acres of soybeans, a 
2:1 ratio. In general, the corn-soybeans ratio was higher for the soil 
loss reducing alternatives, except residue-terrace which had a 1.5:1 
ratio at the five and ten ton soil loss levels. 
Beef cows in the present, unrestricted situation entered at 65 
head. Beef cow numbers were affected by tillage alternative and soil 
loss level. The non- r esidue tillage alternative allowed the greatest 
number of beef cows of the tillage and soil management a lterna tives 
at all three soil loss levels. At the two ton soil loss limit, the 
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non-residue alternative allowed 113 head of beef cows, a 74 percent 
increase over the unrestricted situation. Beef cow numbers increased 
with each soil loss decrease for every tillage alternative . The 
no- till and residue-terrace alternatives had the same number of beef 
cows at each soi l loss level, with 94, 85 and 85 respectively. Beef 
cow numbers were highest at the two ton soil loss level for every 
tillage alternative. Pasture efficiency was generally in the range 
of 1.7-1.9 acres of pasture per cow independent of tillage and soil 
management alternative or soil loss level. Feeder calves were finished 
out in all instances. 
Solution one- -model #3 
The beef-swine model incorporated the same beef activities as in 
the previous beef model and a swine production activity. The results 
for this model are listed in Table 34. Swine production was limited 
to raising and finishing a maximum of 500 head. Row-crops competed 
with livestock for available land. The pasture was Kentucky bluegrass. 
The beef-swine model was run utilizing conventional non-residue till-
age with no soil loss restriction to identify the present situation. 
The model was also run for each tillage and soil management alternative 
at the three soil loss limits. 
The beef-swine model results were very similar to those of the 
previous two models, no-livestock and beef . Net farm income was reduced 
from restricting soil loss for all alternatives. The non-residue 
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alternative again had the greatest reducing impact at all soil l oss 
levels. At the two ton limit, the non-residue alternative caused a 31 
percent reduction in net farm income. Although the non-residue alterna-
tive caused the most income reduction at the five and ten ton levels 
there was very little difference among the four alternatives. A differ-
ence of only 1.4 percent separated the income of the lowest income alter-
native, no-residue , from the highest income alternative, no-till at the 
five ton level. The difference at the ten ton level was only 4 percent. 
Row-crop acres followed a trend similar to the previous two models 
by decreasing as soil loss decreased . Row-acres fell from the present 
unrestricted level of 238 acres, which was the same as in the beef model, 
to a low of 140 acres with the non-residue alternative of the two ton 
soil loss limit. The decline from 238 acres to 140 acres represents a 
42 percent reduction in row-crop acres. Row-crop acres were relatively 
stable at 197 acres for five out of the twelve model runs. 
Row-crop product mix was affected by soil loss level and tillage 
alternative. Corn and soybeans acres were reduced for all alternatives 
by reducing soil loss. However, no trend was established. Corn acres 
with the non-residue alternative increased as soil loss increased, from 
a reduction of 62 percent at the two ton level to a reduction of only 
26 percent at the ten ton level. The residue tillage alternative fol-
l owed a similar pattern to non-residue tillage. The no-till alternative 
had 109 acres and 111 acres, respectively at the two and ten ton levels 
and 153 acres at the five ton level. The 153 acres of corn represented 
83 
the maximum corn acres attained by any of the alternatives and a 6 percent 
reduction from the present, unrestricted level of 162 acres. Totally 
contrasting to the other alternatives, the residue~terrace alterna-
tive had 144 acres of corn at the two ton level and 110 acres at both the 
five and ten ton levels. Soybeans did not enter at the two ton level 
for both the residue and residue-terrace alternatives . The non-residue 
and residue alternatives allowed similar levels of soybean acres which 
were correspondingly lower than the soybean acres for no-till and residue-
terrace. The corn-soybeans ratio was higher than the present, unre-
stricted ratio of 2:1 for all alternatives except residue-terrace, which 
was lower at 1.5:1. 
Beef cows entered into the beef-swine model at levels very similar 
to the beef model. Cows entered at 65 head for the present, unre-
stricted situation and were affected by both tillage and soil loss level. 
Beef cows increased as soil loss decreased. The largest increase in. cow 
numbers occurred with non-residue tillage. At the two, five, and ten 
ton loss levels, cows increased 88 percent , 58 percent, and 52 percent 
respectively. Residue tillage allowed a pattern similar to non-residue 
with increases of 72 percent, 52 percent, and 31 percent for the three 
soil loss levels respectively. Both the no-till and residue-terrace 
systems utilized 94 cows at the two ton level and were stable with 85 head 
at the five and ten ton levels. Pasture efficiency remained in the range 
of 1.7-1.9 acres of pasture per cow, independent of tillage and tillage 
alternative or soil loss level. Feeders were finished out in all 
84 
instances except non-residue tillage where none were fed . Swine produc-
tion entered at the maximum level of 500 head in all pr ogram runs. 
Solution one--comparision of models #1 through #3 
In comparing the effects of reducing soil loss on the three farm 
solutions, the results of all tillage and soil management alternatives 
were averaged together by soil loss level for each farm type as shown 
in Table 35. 
The no-livestock model showed the greatest reduction of net farm 
income due to reducing soil loss. At the two ton level, the no- livestock 
model incurred a 50 percent loss in income, compared to 22 and 25 percent 
losses for the beef and beef-swine models, respectively. The five 
ton soil loss level also showed the no-livestock model to have the 
greatest reduction with a 33 percent decrease in income . The income 
reduction for the no-livestock model at the five ton level, again 
represents nearly double the income loss of the other two models . The 
no- livestock model also had the greatest percentage income loss at the 
ten ton level with a 27 percent decrease. The beef and beef-swine 
models had respective reductions of 14 and 19 percent . 
The beef model allowed the least reduction in net farm income of 
the three models at all soil loss levels. Income indexes from the beef-
swine model were between 4 and 6 percent less than the beef model at 
the corresponding soil loss levels. Although the beef swine model was 
affected to a greater extent than the beef model, the beef-swine model 
was more stable under soil loss reduction control . 
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Net farm income increased with an increase in soil loss for every 
farm type as shown in Table 35 which compares results from Tables 32, 
33, and 34. Reducing soil loss from ten tons to five tons, caused the 
no- livestock model to lose 5 percent of its income, the beef model to 
lose 8 percent and the beef-swine model to lose 1 percent . Reducing 
soil loss from the five ton level to the two ton level caused respective 
losses of 17 percent, 6 percent and 5 percent for no-livestock, beef 
and beef-swine models. 
Row-crops acres were reduced to the greatest extent in the no-
1 ivestock model. Row-crop acres were reduced 51 percent, 46 percent and 
37 percent at the two, five and ten ton levels respectively . The beef 
and beef- swine models had nearly identical row-crop acres, with reductions 
of 31 percent , 29 percent and 19 percent at the three respective soil 
loss levels. The beef and beef-swine models were more stable to soil 
loss control than the no-livestock model . The no-livestock model had 
a 9 percent reduction in row-crop acres when soil loss was reduced from 
ten to five tons as compared to a 2 percent reduction for both the beef 
and beef-swine models. Reducing soil loss from the five to the two ton 
level caused a similar result for all three farm types. 
The row-crop product mix was similar for all three f a rm types - -
no-livestock, beef and beef-swine. In general for all programs, corn 
and soybeans were both reduced by reducing soil loss and the corn: 
soybeans ratio was greater under soil loss control than with the unre-
stricted situation. Corn and soybeans were approximately the same in 
the beef and beef-swine models. 
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There was very little difference in beef cow numbers between the 
beef and beef-swine models at any of the soil loss levels. The addition 
of swine was independent of the solutions . The level of swine allowed 
in the program affected only the total income received but did not 
affect the competitive position of other activities which were competing 
for available resources. 
Solution one--model #4 
The impact of reducing soil loss by alternative tillage and soil 
management systems at various beef price levels is viewed in Table 36 . 
The model used in Table 36 was the previous beef model and pasture was 
Kentucky bluegrass. Three beef prices were used in the analysis. The 
prices correspond to low, medium and high points on the beef cycle. 
At each beef price, an unrestricted, non-residue tillage solution was 
obtained to estimate the present situation. Also at each price, the 
four tillage alternatives--non-residue , residue , no-till and residue-
terrace--were run at the five ton soil loss level. 
Net farm income was reduced by limiting soil loss to five tons per 
acre at all three price levels. The percentage income reduction decreased 
as beef prices increased . At the low beef price, the income reduction 
averaged 28 percent. The income reduction at the average and high beef 
price averaged 16 percent and 8 percent, respectively. Income was very 
stable for the tillage alternatives within each price level. The vari-
ability in income was only 4 percent for the low and high beef prices 
and 1 percent for the average price. 
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Table 36. Impact of reducing soil loss by alternative tillage and soil 
management systems at various beef price levels 
Fa rm type : beef 
Price level Below average 
Tillage NR NR R NT R- T 
Soil loss limit Unrestricted 5 ton 
Income ($) 41043 28180 28772 30464 30048 
Index 100 69 70 74 73 
Soil loss (av . ton/acr e) 23 . 7 4.4 4 . 2 3.9 4.3 
Row crop-- total (acres) 282 180 185 238 229 
Index 100 64 66 85 81 
Corn 170 90 101 158 106 
Soybeans 90 45 45 45 90 
Pasture-- total (acres) 78 180 175 122 131 
Beef--cows (head) 36 96 91 65 69 
Index 100 266 253 181 192 
Slaughter-- steers 
Heifers 
89 
Table 36. (Continued) 
Farm type : beef 
Price level Av erase 
Tillage NR NR .R NT R-T --
Soil loss limit Unrestricted 5 ton 
Income ($) 47415 39406 39678 39887 39475 
Index 100 83 84 84 83 
Soil loss (av. ton/acre) 21.9 4.4 4.3 3.6 4.4 
Row crop--total (acres) 238 156 180 197 197 
Index 100 66 76 83 83 
Corn 162 102 121 154 108 
Soybeans 76 21 24 26 72 
Pasture-- total (acres) 122 204 180 163 163 
Beef--cows (head) 65 113 99 85 85 
Index 100 174 152 131 131 
Slaughter--steers 29 51 45 38 38 
Heifers 19 33 29 25 25 
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Table 36 . (Continued) 
Farm type: beef 
Price level Above average 
Tillage NR NR R NT R-T 
Soil loss limit Unrestricted 5 ton 
Income ($) 58725 54321 54404 54238 52522 
Index 100 93 93 92 89 
Soil loss (av. ton/acre) 11.6 4.3 4.2 2.6 3.7 
Row crop- - total (acres) 165 138 144 150 165 
Index 100 84 87 91 100 
Corn 94 96 98 107 95 
Soybeans 49 18 18 20 49 
Pasture--total (acres) 195 222 216 210 195 
Beef--cows (head) 107 119 117 117 107 
Index 100 111 109 109 100 
Slaughter--steers 48 54 54 53 48 
Heifers 31 35 35 34 31 
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Row-crop acres were affected by soil loss reduction, tillage 
alternative, and beef price. Row-crop acres were at a maximum of 282 
acres with the unrestricted, non-residue situation at the low beef price. 
Row-crop acres fell 16 percent under the unrestricted situation with 
average beef prices and 42 percent with high beef prices. The average 
soil loss per acre for the unrestricted, non-residue situation reflected 
this trend as the average soil loss decreased as beef prices increased. 
Within each beef price, row-crop acres changed according to the tillage 
alternative. At the low beef price, the no-till alternative allowed 
the most row crop acres at 229, which represented a 15 percent reduction 
from the unrestricted situation but was 20 percent larger than allowed 
by non-residue tillage . The average beef price showed that the non-
residue system again reduced row-crop acres but by approximately 35 per-
cent. The no-till and residue-terrace systems produced only a 17 percent 
reduction. Non-residue tillage alternative caused a 16 percent reduction, 
the largest for the high beef price. The residue-terrace alternative 
matched the unrestricted, non-residue level of row-crop acres. Reducing 
soil loss had a greater impact on row-crop acres as beef price fell as 
represented by the 26 percent average reduction at the low beef price, the 
23 percent average reduction at the average beef price and the 9 percent 
reduction at the high beef price. 
The row-crop product mix was affected by soil loss reduction, 
tillage alternative, and beef price. Corn acres were relatively stable 
although they did fall somewhat as beef prices increased. Actual soybean 
92 
acres declined up to 60 percent from the low to the high beef price. 
Between tillage alternatives, no-till had the highest corn acres by an 
average of 44 percent at all beef prices and residue-terrace had the 
highest soybean acres by an average of 56 percent at all beef prices. 
Corn and soybean acres were relatively stable between the remaining 
alternatives . 
Beef cow numbers were affected by reducing soil loss, tillage 
alternative and beef price. Beef price had the major impact on cow 
numbers, represented by the near tripling of cow numbers when moving 
from low to high prices under the unrestricted situation. Cow numbers 
increased for all alternatives as beef price increased . Reducing soil 
loss to the five ton level had the most impact at the low beef price 
where the average increase in beef cow numbers was 123 percent. At 
the average beef price, beef cows increased an average of 47 percent 
for all alternatives. The high beef price was most stable with an 
average increase of 7 percent over the present beef cow number by 
reducing soil loss . Non-residue tillage allowed the most cows among 
the four tillage alternatives for all three beef prices . The non-
residue system was followed by residue, residue-terrace, and no-till 
and this order was consistent for all beef prices. The finishing cattle 
activity did not enter at the low beef price; however, all cattle were 
finished at the average and high beef price. Pasture efficiency 
remained at approximately two acres per cow. 
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Solution one--model #5 
The impact of reducing soil loss at various soil loss limits and 
beef price levels is viewed in Table 37. The model used in Table 37 
was the previous beef model with Kentucky bluegrass pasture. Three 
beef prices were used in the analysis. At each beef price , an unre-
stricted , non- residue solution was obtained t o estimate the present 
situation. Also at each price, the residue tillage alternative was 
solved at three soil loss levels--two, five and ten tons per acre. 
Net farm income was reduced from its present , unrestricted level 
at all beef prices and soil loss levels. Income decreased as soil 
loss decreased at all beef prices. The impact of soil loss control 
was greatest at the low beef price. The average reduction of income 
at the low price was 30 percent as compared to 16 percent and 9 percent 
for average and high beef prices, respectively. The low beef price 
situation was also the most sensitive to soil loss limits with a range 
of 15 percent from the two ton income level to the ten ton inc ome level. 
The average and high beef prices allowed ranges of only 6 percent and 
3 percent respectively. Reducing soil loss had less effect at high 
beef prices. 
Row-crop acres decreased as beef cattle price increased and, within 
each price level , increased as soil loss increased . Actual row-crop 
acres decreased from an average of 221 acres at the low beef price 
to an average of 156 acres at the high beef price. Reducing soil loss 
had the greatest impact at the low beef price where acres were reduced 
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36 percent at the two ton level, 34 percent at the five ton level and 
16 percent at the ten ton level for an average reduction of 29 percent 
and a range from low to high of 20 percent. The average reduction and 
range for the average and high beef prices was 24 percent and 13 percent, 
and 8 percent and 7 percent, respectively. 
The row-crop product mix followed no particular trend based on beef 
price or soil loss level. The unrestricted solution showed a constant 
decrease in both corn and soybean acres as beef price increased . 
Soybeans tended to increase as soil loss decreased and decrease as 
beef price increased. 
Beef cow numbers increased as beef price increased and soil loss 
decreased. The average number of beef cows for all solutions at the low 
beef price was 73 head. The average and high beef prices averaged 89 
head and 111 head, respectively. Reducing soil loss to the two ton 
level with a below average beef price caused the greatest increase of 
177 percent . The low beef price was the most sensitive to soil loss 
reduction with an average increase in cow numbers of 170 percent and a 
range from low to high of 96 percent. The average beef price allowed 
an average increase in cow numbers of 50 percent with a range of 30 
percent. The high beef price allowed an average increase in cow numbers 
of 4 percent with a range of 6 percent. 
Beef finishing activities did not enter at the low beef price~however, 
all calves produced were fed out at the average and high beef prices. 
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Solution two--model #1 
The impact of improving forage pasture production by alternative 
species and management systems was viewed in Table 38. The model used 
was similar to the beef model previously discussed. The model was run 
with three beef prices . For each price, there was a Kentucky bluegrass 
pasture option and an improved pasture option, consisting of several 
alternative species. The model was solved utilizing unrestricted, 
non- residue tillage. 
Improvement of pasture increased net farm income at all three beef 
price levels. The income benefit was minimal at the low beef price with 
only a 2 percent increase. However, the average beef price allowed an 
8 percent increase and the high beef price afforded a 13 percent 
increase. 
Row-crop acres, where Kentucky bluegrass pasture was utilized, 
decreased as beef price increased. Pasture improvement caused a 
11 percent decrease in row-crop acres at the low beef price, a 15 percent 
decrease at the average beef price and a 9 percent increas e at the high 
beef price. Corn and soybean acres both declined as beef price increased 
with Kentucky bluegrass pasture . Pasture improvement caused corn and 
soybean acres to decrease at the low and average beef price and to 
increase at the high price. 
Corresponding to row-crop acres, pasture acres increased at the low 
and average beef price and declined at the high beef price. Pasture im-
provement included several alternatives--birdsfoot trefoil, smoothbrome 
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grass, smoothbrome grass-three-season-graze, reed canarygrass, and switch-
grass. The only species to enter the solution were birdsfoot trefoil and 
reed canarygrass. At the below average beef price, birdsfoot trefoil and 
reed canarygrass entered at a respective ratio of 1.6:1. The average and 
high beef prices allowed a ratio of 1 . 2:1. 
Beef cow numbers increased at all price levels for both the 
Kentucky bluegrass and the improved pasture. The impact of beef price 
on the model with Kentucky bluegrass was much more dynamic than with the 
improved pasture. Beef cow numbers increased by 197 percent when moving 
from a low beef price to a high price with present pasture. With 
improved pasture , cow numbers increased only 71 percent over the same 
price range. The impact of improving pasture was greater at the lower 
price as indicated by doubling of cow numbers. The average beef price 
showed an increase in beef numbers of 68 percent by improving pasture 
and high beef price caused a 15 percent increase. 
Feeder cattle were not finished at the low beef price but all were 
fed out at the average and high price for both the Kentucky bluegrass and 
improved pasture solutions. 
Solution three--model #1 
The impact of reducing soil loss and improving pasture forage 
production is viewed in Table 39. The model used to provide results for 
Table 39 was the beef model. The model was run with three beef prices. 
At each price, an unres tricted, non-residue solution was obtained to 
identify the present situation and residue tillage was solved at three 
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soil loss levels. Kentucky bluegrass pasture was used in the unrestricted 
solution and improved pasture was allowed in the reduced soil loss 
solutions. 
The reduction of soil loss and improvement of pasture caused a 
decline in net farm income at the low beef price. At the two ton loss 
level, income was reduced 24 percent. Income reduction was less 
as soil loss level increased with the five ton level allowing a 18 percent 
reduction and the ten ton level a 11 percent reduction. The average 
beef price caused an income reduction of 3 percent at the two ton soil 
loss level. Respective increases of 3 percent and 6 percent were obtained 
at the five and ten ton levels with an average beef price. The above 
average price caused an income increase at the two ton level of 12 
percent, at the five ton level of 15 percent, and at the ten ton level 
of 21 percent. The percentage income change from the two to the ten 
ton level was 13 percent at the below average beef price, 9 percent at the 
average price, and 9 percent at the above average price. 
Row-crop acres declined by reducing soil loss at the low and 
average beef prices . The below average price showed a 36 percent reduc-
tion in row crop acres at the two ton loss level. Row-crop acres 
increased as soil loss increased, represented by a 23 percent reduction 
in acres at the five ton level and only a 16 percent reduction at the 
ten ton level with a low beef price. The average beef price caused 
row-crop acres to decline at the three soil loss levels yet the reduc-
tions were not as great as occurred at the low beef price. The average 
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beef price showed a 28 percent reduction at the two ton level, a 22 per-
cent reduction at the five ton level and an 18 percent reduction at the 
ten ton level. The low beef price solutions were much more sensitive to 
soil loss reduction with a 20 percent change from the two to the ten ton 
level as compared to the average price change of 10 percent. The above 
average beef price afforded an increase in row-crop acres of 9 percent 
at all soil loss levels. 
There was no trend in corn acres among the three beef prices. Corn 
acres increased at the two and five ton soil loss level when moving from 
the low to average beef price while the corn acres at the five and ten 
ton levels declined at the above average beef price. Soybeans reacted 
inversely to corn with soybean acres not entering at the two ton soil 
loss level for the average and high beef price. Corn and soybean acres 
tended to increase as soil loss increased within each beef price. 
Reducing soil loss caused both corn and soybean acres to decline at the 
low and average beef prices. Corn acres increased at the above average 
price while soybeans declined. 
Reducing soil loss increased beef cow numbers at all beef price 
levels. The greatest impact occurred at the low beef price where cows 
increased 278 percent, 196 percent and 133 percent respectively at the 
two, five and ten ton loss levels. The high beef price caused an average 
38 percent increase in beef cows due to reducing soil loss . Beef cows 
decreased as soil loss increased for the low and average beef prices with 
cow numbers remaining constant for all soil loss levels at the high beef 
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price. Actual cow numbers were highest at the high beef price with 
148 head. Reducing soil loss had the greatest impact at the low beef 
price with a 278 percent increase in beef cows by restricting soil loss 
to two tons/acre. Pasture efficiency improved to 1.2- 1.4 acres of 
pasture per cow from the two acres per cow obtained by Kentucky blue-
grass pasture and was r elatively stable at all beef prices and soil 
loss levels viewed. 
Feeder cattle did not enter the solution under a low beef price 
with either present or improved pasture . No heifers were finished at 
the two ton level with improved pasture under an average beef price, 
however, all other solutions in the average and high beef price range 
finished all feeders. 
Review of Results 
The analysis of the representative farm wi th the linear programming 
model was divided into three sets of solutions. The first solution was 
defined to view the impact of reducing soil l oss on cropping practices, 
evaluate the relative benefits of alternative systems of tillage opera-
tions with respect to soil conservation and study the impact of soil 
conserving practices upon livestock programs. The second solution was 
defined to determine if improved forage production practices contribute 
to soil conservation and income. The third solution involved a combina-
tion of the first two solutions and was defined to assess the affect 
of various livestock prices upon soil conservation and forage produc-
tion. 
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The first solution dealt with soil loss restrictions on three farm 
livestock assumptions: no livestock, beef only, and beef-swine. For 
each livestock assumption, the impact of reducing soil loss by alterna-
tive tillage and soil management systems at various soil loss limits was 
viewed. The beef farm was also used to view the impact of various beef 
price levels. 
Solution two dealt only with the beef farm assumption and viewed the 
impact of improving pastures . Various beef prices were also used. 
The third solution viewed the impact of reduction of soil loss 
in conjunction with improvement of forage production. Various soil 
loss levels as well as beef prices were used. 
The no-livestock model with pasture renting and hay selling showed 
greatly reduced net farm income from restricting soil loss. In some 
cases income was reduced more than 50 percent. Restricting soil loss 
by increasing forage production and non-residue tillage caused the great-
est loss of income. Row-crop acres decreased as much as 55 percent as 
soil loss decreased. The least amount of row-crop acres occurred at 
the two ton soil loss level with non-residue tillage. The residue-
terrace alternative allowed an increase in row-crop acres at the ten 
ton soil loss level compared to the non-restrictive or current situation. 
The row-crop product mix changed from a corn-soybeans ratio of 2:1 to 
7:1 as soil loss changed from ten to two tons/acre. 
The beef farm model which allowed beef raising and feeding alterna-
tives showed reduced income in the area of 20-25 percent compared to the 
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unrestricted mode l. Similar to the no-livestock model, non-residue 
tillage caused the greatest income reduction . In this model, the no-till 
alte rnative caused the least income reduction although there was ver y 
little difference among the alternatives . Row-crop acres were reduced 
by as much as 35 percent with non-residue tillage while the other 
alternatives affected row-crop acres very little. The corn-soybeans ratio 
tended t o be higher than the 2 : 1 ratio of the unrestricted situation 
and in some instances no soybeans were grown. Beef cow numbers in this 
model increased with each soil loss decrease for every tillage alterna-
tive. Pasture efficiency was not affected by soil loss restriction 
and feeder calves were finished in all instances. 
The results of the beef-swine model were very similar to the 
results of the no-livestock and beef models. In general the addition of 
swine only increased total income and left changes in income levels near 
the same amount . The beef-swine model showed a greater income reduction 
in general as a result of reduced soil losses than the beef model but 
less than the no-livestock. Trends in row-crop acres and product mix 
were also similar to the previous models , however, the beef-swine model 
produced a more stable row-crop acres among tillage alternatives. Beef 
cows entered at levels similar to the beef model and tended to increase 
as soil loss decreased. Pasture efficiency remained independent of 
soil loss level and feeder cattle were finished out in all instances 
except where non-residue tillage was used, in which case, the feeder 
cattle were sold. Swine production entered at the maximum level in all 
program runs. 
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In comparing the effects of reducing soil loss on the three farm 
solutions, the no-livestock model showed the greatest reduction of net 
farm income and the beef model showed the least. The beef-swine model 
was more stable under soil loss reduction, however. Row-crops were 
reduced to the greatest extent in the no-livestock model with the row-
crop product mix being very similar for all three farm types. The corn-
soybeans ratio tended to be greater under soil loss restriction in all 
cases. There was very little difference in beef cow numbers between the 
beef and beef-swine models at any of the soil loss levels. The swine 
enterprise increased income but was independent of the solutions and 
did not affect the competitive position of other activities. 
The fourth model of solution one viewed the impact of reducing soil 
loss to five tons per acre by alternative tillage and soil management 
systems at various beef prices. Net farm income was reduced in all 
instances with the percentage reduction decreasing as beef prices 
increased. Income was relatively stable among tillage alternatives at 
all price levels. However, row-crop acres changed according to tillage 
alternative. Generally, the no-till alternative allowed the most row-crop 
acres and non-residue tillage allowed the least. Row-crop acres decreased 
in all cases with this impact of reducing soil loss being greater as the 
beef price decreased. Row-crop product mix changed as soybean acres 
declined as beef prices increased. Corn acres remained relatively stable. 
Beef cow numbers in this model increased for all tillage alternatives as 
beef price increased. Pasture efficiency was not affected by beef price. 
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The fifth model of solution one held the tillage method constant 
and measured the impact of reducing soil loss at three soil loss and 
beef price levels. In all cases, income was reduced with the greatest 
impact occurring at the low beef price. Reducing soil loss had the 
least effect at high beef prices. Generally, row-crop acres decreased 
as beef prices increased and, within each price level, increased as 
soil loss increased. The row-crop product mix followed no par ticular 
trend based on beef price or soil loss level. However, soybeans tended 
to decrease and corn increase as soil loss decreased and beef price 
increased. The beef cow numbers in this model tended to increase as 
beef price increased and soil loss decreased . Feeder cattle were fed 
out at the average and high beef prices but not at the low beef price. 
In solution two, the impact of improving forage pasture production 
by alternative species and management systems was viewed. The results 
showed that pasture improvement increased farm income at all three beef 
price levels with the increase being merely a near breakeven proposition at 
the low beef price. Pasture improvement caused corn and soybean acres 
to decrease at the low and average beef price and to increase at the 
high price with a correspondingly opposite effect on pasture acres. 
Under pasture improvement the only species to enter the solution were 
birdsfoot trefoil and reed canarygrass. The percentage of reed canary-
grass increased as the beef price increased. Beef cow numbers increased 
at all price levels with pasture improvement . The impact of pasture 
improvement was greatest at the low beef price. 
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The third solution viewed the impact of reducing soil loss as well 
as improving pasture forage production. The results show that reducing 
soil loss and improving pasture forage production caused an income 
reduction at the low beef price, but income was generally improved at 
the average and high beef prices. Reducing soil loss caused row-crop 
acres to decline at the low and average beef prices with the low beef 
price being very sensitive to soil loss restrictions. No trend was 
established in corn acres among the three beef prices. All beef prices 
showed increased beef cow numbers when soil loss was restricted with the 
greatest impact occurring at the low beef price. Beef cow numbers 
remained constant at all soil loss levels with high beef prices but were 
greatly affected at low prices. Pasture efficiency improved and was 
relatively stable in all cases. 
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CHAPTER IV: SUMMARY AND CONCLUSIONS 
Summary 
This study shows that reduction of soil loss to acceptable levels 
cannot b~ obtained without reducing income unless significant changes 
are made in all cases analyzed. Farms where no livestock are present 
will be subject to much greater income loss due to soil loss restriction 
than farms with a beef cow enterprise. Even farms with beef cows must 
develop and improve their pasture forage production to escape the income 
loss associated with erosion control. Prices also are important with beef 
prices needing to be average or above to avoid a breakeven situation. 
Income was not reduced by reducing soil loss where a beef operation was 
present, pasture was improved and beef prices were average or better. 
Livestock, in general , mitigated the income reducing effect of 
reducing soil loss. Farms with no livestock have very few alternatives 
to avoid severe income reduction. However, a beef cow enterprise given 
improved pasture and average or better beef prices can avoid income 
reduction when soil loss is restricted. Swine enterprises which depend 
on farm raised feed are affected to a greater extent than beef by 
reducing soil loss because forage is substituted for corn, thereby 
restricting the available on farm produced grain. Restricting soil loss 
tends to shift production towards forage utilizing livestock. 
Beef cow numbers tended to increase as soil loss decreased. By 
restricting soil loss, row-crop acres were converted to forage production 
thereby allowing more beef cows, subject to other restraints. Following 
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this transfer to forage, logically, feeder calves were sold because high 
energy feedstuffs were limited. Improved pastures also increased cow 
numbers by allowing greater overall production and impr oved efficiency. 
Pasture improvement allowed row-crop acres to increase but not to the 
previous unrestricted soil loss level . 
Of the tillage and soil management alternatives studied, residue 
tillage and contouring represented the most cost effective and practical 
options. These options also present the least difficulty in application. 
Application of residue tillage would require few changes from a production 
standpoint. Machinery from a non-residue system would be suitable for 
r esidue tillage with very few alternations. Management by a residue 
tillage system is similar to a non-residue system in many ways. There 
would be some differences in herbicide and insecticide use but the 
technology has been developed and the information is available. Con-
touring is very effective and readily adaptable to this particular 
soil association. Four-row machinery systems, common to the area, adapt 
well to contour farming and the gentle slopes of the area respond well 
to this management tool. 
The other soil management alternatives have more serious drawbacks. 
No-till farming is relatively new and more information is needed in 
herbicide , insecticide and fertility programs. The no-till system is 
important because it has the greatest potential for reducing soil loss 
of any farming system. The terrace alternative may be too costly and is 
limited in this particular soil association by physical characteristics 
of the soil. 
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This study was concerned with only the short-run effects of limiting 
soil loss on a representative farm in Southern Iowa . This analysis did 
not deal with any long term consequences or solutions to the soil 
erosion problem. Long term changes in soil productivity were not 
considered. The long range impact of increased beef cow numbers and 
forage production on their respective market structures was also not 
considered. 
Conclusions 
The results of this analysis suggest that soil loss can be reduced 
to acceptable levels on a representative farm in the Adair-Grundy-Haig 
soil association without appreciable losses in net farm income if certain 
factors exist. These factors may include the presence of a forage 
utilizing livestock enterprise, improvement of pasture forage production 
and relative beef prices which are average or better. This study also 
illustrates the complexity of the problem which farmers face who are 
forced to lower soil loss. In order to reduce soil loss the farmer has 
the options of reducing row crop intensity, using higher residue tillage 
practices, moving primary tillage from fall to spring, contouring, 
terracing or some combination. Also the farmer will need to re- evaluate 
his forage production system and livestock enterprises if he wishes to 
maintain his income at present levels. 
This study suggests that the impact of soil loss controls depends 
upon the soil characteristics, the method of farming the soil and 
whether or not livestock are present. Steeper soils would be put more 
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into forage production. Row-crop acres, especially soybeans, would be 
reducedin number. Use of residue tillage would increase and more 
emphasis would be placed on livestock and forage production . The 
financial consequences of making these adjustments should not be severe 
from the standpoint of reducing soil loss. Contouring and residue till-
age, the most cost effective alternatives, could be applied with little 
capital expenditure. However, development of forage and livestock would 
be more difficult. The renovation and improvement of pasture and possible 
addition of a beef cow operation would require substantial capital. 
Also, residue tillage, livestock enterprises and forage improvement all 
would require greater management input. Labor requirements would be 
greater and may affect the family farm labor structure. The increase in 
beef cow numbers and forage production could potentially affect the 
supply-demand relationship of the area causing a possible reduction in 
beef and hay prices. 
The solution to the problem of soil loss cannot involve a uniform 
implementation plan. Some farms will be required to make major fi nancial 
and managerial adjustments while others will require little change . 
There will need to be careful evaluation of all alternatives before 
devising any policies for reducing soil loss. 
More r esearch is needed before the soil erosion problem can be 
solved. Data on long term soil losses and productivity must be refined . 
Coefficients for the universal soil loss equation must be more representa-
tive of various conservation alternatives. New machinery must be 
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developed to accommodate higher levels of residue. Chemical technology 
will need to be improved to decrease waste and increase efficiency. 
Finally, the farmer will need to be educated about the problem of 
soil erosion and its solution . The farmer will have to voluntarily 
overcome the pyschological obstacle of conservation tillage or be forced 
to comply. 
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Table A-1. Definitions 
CB--corn-soybeans 
CCB--corn-corn-soybeans 
CBCOM--corn-soybeans-corn-oats-meadow 
CCCOM--corn-corn-corn-oats-meadow 
CCCOMM--corn-corn-corn-oats-meadow-meadow 
LRB--large round bale 
BFT-Gr.--Birdsfoot trefoil--grass 
SB--Smoothbrome--continuous graze 
SB-3S.Gr.--Smooth bromegrass--3 season graze 
RCG--Reed canary grass 
KBG--Kentucky bluegrass 
N--nitrogen 
P--phosphorus 
K--potassium 
NR--non-residue tillage 
R--residue tillage 
NT--no till 
R-T--residue tillage--terrace 
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Table C-1. Current pasture maintenance 
Variable 
Kentucky Bluegrass cost Hr. 
Machinery 
--Clip $ .88 .29 
--Spray .37 
$ 1.45 
Lime and fertilizer 
Lime (1/2 T) $ 3.00 
Nitrogen (70 lbs/a) 7.70 
Phosphorus (40 lbs / a) 6 . 80 
Potassium (20 lbs/a) 1.80 
Bulk spread .50 
2, 4-D 2.50 
Operating overhead 2.38 
$26.13 
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Table D-1. Beef cow-calf budget (23) 
Operating expenses 
Salt-mineral 
Vet. and medical 
Misc. expense 
Mach . (fuel, lube, rep .) 
Equipment (fuel, lube, rep.) 
Protein (rations w/ supplement) 
Operating capital 
w/o protein 
w/ protein 
Investment capital--breeding stock 
Cow 
Average bull investment 
Replacement heifer ($350 x .16) 
Fixed costs 
Depr. --bull 
--other equipment 
Misc. 
Labor 
$450.00 
40.00 
56.00 
Value 
$10.20 
12.00 
2.00 
1. 70 
10 . 23 
$36.13 
12 . 00 
$48.13 
$18.00 
$24.00 
$546.00 
$ 3.96 
$12.48 
$ 5.02 
5 hr . 
12·7 
Table D-2. Beef finishing rations (31) 
Steers Heifers 
Ingredient Amount (lbs) ADG. Amount (lbs) ADG. 
Ration #1 Silage 16600 2 . 0 14000 1.9 
Ration 112 Silage 8000 8400 
Corn 2436 2.3 1624 2 . 25 
Ration #3 Silage 4400 6000 
Corn 3416 2.45 2296 2.4 
Ration #4 Hay 4200 3400 
Corn 2800 2.0 2408 1.6 
Ration 115 Hay 2400 2000 
Corn 3584 2.3 3136 1.85 
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Table D-3. Budgets for finishing beef steers 
Salt and mineral 
Marketing 
Vet. med. , oper . cost and misc. cost 
Death loss (2%) 
Supplement Pounds Cost 
Ration iFl 350 $35.00 
Ration if2 300 $30.00 
Ration iF3 285 $28.50 
Ration 414 175 $17.50 
Ration iF5 225 $22 . 50 
Operating capital 
(variable cost x .5 x . 78 yr . ) 
Labor 
Ration iFl 
Ration #2 
Ration iF3 
Ration fF4 
Ration fF5 
$ 2.00 
3.00 
7.00 
6.00 
$18.00 
TVC 
$53.00 
$48.00 
$46.50 
$35.50 
$40 . 50 
$20.67 
$18 . 72 
$18 . 14 
$13 . 85 
$15 . 80 
4 
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Table D-4. Budgets for finishing beef heifers 
Salt and mineral 
Marketing 
Vet. med., oper. cost, misc. cost 
Death loss (2%) 
Supplement Pounds Cost 
Ration 411 290 $29.00 
Ration 412 244 $24.40 
Ration #3 230 $23.00 
Ration fF4 170 $17.00 
Ration #5 220 $22.00 
Operating capital 
(variable cost x .5 x .63 yr.) 
Ration #1 
Ration 4F2 
Ration 4F3 
Ration 4F4 
Ration 4t5 
Labor 
$ 2 . 00 
2.75 
6.00 
5.50 --
$16.25 
TVC 
$45.25 
$40.65 
$39.25 
$33.25 
$38.25 
$17.65 
$15.85 
$15.31 
$12.97 
$14.92 
3.5 
130 
Table D-5. Beef finishing facilities investment--
capacity 100 head (36) 
Item Cost 
Gates $ 700 
Bunk 1350 
Paving 4709 
Road 325 
Mounds 550 
Land 900 
Excavating 300 
Loading units 1300 
Corrals 4600 
Waterers 400 
Plumbing 600 
Electrical 300 
Fencing 600 
Windbreak fence 625 
Subtotal $17659 
Average per animal $176 . 59 
131 
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Table E-2. Swine facilities investment (5) 
Farrow to feeder 
Farrowing house 
Equipment 
Nursery 
Equipment 
Breeding herd facilities 
Annual cost (15%) 
Feeder to finish 
Finishing house 
Equipment 
Annual cost (15%) 
$ 5500 
3000 
4000 
2700 
4000 
$19200 
$ 2880 
$ 4600 
2000 
$ 6600 
$ 990 
